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I.  INTRODUCTION 

With  the  increasing  emphasis  on  reducing  military  costs,  it  is  of 
paramount  importance  that  methods  of  doing  day-to-day  tasks  be  given 
close  scrutiny..  For  example,  for  each  one-man  reduction  in  Navai 
personnel,  approximately  $15,000  is  saved  yearly,  b'.sed  on  Chief  of 
Naval  Operations  (CNO)  estimates.  Therefore,  the  reduction  of  pex*r 
sonr  'l  offers  a  sizeable  cost  saving  potential.  Of  course,  there  is  a 
limit  to  the  amount  of  manpowe  r  reduction  which  can  be  tolerated  be  - 
foie  the  work  force  efficiency  is  affected.  This  is  especially  true  in  the 
military  where  one  man  has  many  duties  and  responsibilities  and  elimi>- 
nating  the  requirement  for  his  services  on  one  task  may  not  eliminate 
the  requirement  for  the  man. 

On  the  aircraft  carrier,  many  of  the  :flight  operations  tasks  are  per¬ 
formed  manually  simply  because  there  is  not  available  space  or  time  to 
use  mechanical  equipment  or  automated  systems.  Specifically,  the  re¬ 
arming  of  aircraft  aboard  carriers  has  for  many  years  been,  and  con¬ 
tinues  to  be  primarily  a  manual  operation.  Mobile  weapons  loaders, 
although ‘fine  for  use  at  shcre  based  installations,  are  much  less  useful 
on  a  carrier  deck,  where  rearming  space  is  scarce  and  rearming  time 
is  precious. 

This  study  defines  a  unit  load,  rearming  station  which  will  greatly* 
improve  the  rearming  operations  by  reducing  personnel,  decreasing 


rearming  time,  increasing  the  tonnage  of  weapons  loaded  per  unit  lime, 
and  enhancing  safety. 

The  objective  of  this  study  is  to  define  hardware  concepts  for  a  unit 
load  rearming  station.  Specifically,  the  following  oojectives  have  been 
achieved: 


•  Selection  and  definition  of  the  best  system  for  aircraft/ 
weapons  alignment  and  aircraft  suspension. 

•  Determination  of  strike-up  and  weapons  pallet  requirements. 

•  Development  of  concepts  for  a  unit  load  rearming  station  con¬ 
sistent  with  present  and  planned  Navy  programs. 

The  rearming  station  defined  as  a  baseline  invol  us  the  positioning 
of  an  aircraft  over  a  flight  deck  opening,  positioning  the  weapons  Load 
on  an  el-ivator,  and  raising  and  latching  the  total  v  eapons  load  as  a  unit. 
Systems  hardware  concepts  are  defined  for  the  baseline  and  operational 
investigations  made  to  predict  manpower  and  time  requirements. 
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II.  SUMMARY 

During  a  previous  study,  reference  1,  Chrysler  Corporation  deter¬ 
mined  the  feasibility  of  a  unit  load  rearming  concept  for  carrier-based 
aircraft.  In  this  study,  system  hardware  concepts  are  generated  for  a 
unit  load  rearming  station  compatible  with  present  and  future  ship  de¬ 
sign.  The  concepts  presented  involve  the  simultaneous  raising,  mating 
and  latching  of  the  aircraft's  total  weapons  load  or  any  portion  of  the 
total  load  as  opposed  to  a  singular,  manual  attachment  of  weapons.  Re¬ 
arming  station  configurations  are  presented,  subsystem  hardware  items 
are  described  ^ind  an  operational  investigation  is  performed  for  the  base¬ 
line  rearming  station. 

The  study  consists  of  four  major  tasks:  selection  of  alignment  and 
suspension  concepts,  definition  of  concept*?,  analysis  of  strike- up  and 
weapons  pallet  make-up  concepts,  and  generation  of  system  hardware 
concepts. 

Selection  of  alignment  and  suspension  concepts  involve  the  analysis 
of  aircraft  support  and  weapons /aircraft  alignment  systems  and  the  de¬ 
termination  of  the  most  promising  concepts.  An  aircraft  support  con¬ 
cept  using  two  adjustable  main  gear  support  beams  ani.  a  nose  gear 
bridge  to  position  and  secure  the  aircraft  over  the  rearming  station  is 
selected.  A  weapons  alignment  concept  involving  the  alignment  of  a 
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weapons  pallet  and.  aircraft  to  a  common  reference  datum  is  selected 
for  aircraft/weapons  alignment. 

In  the  development  of  the  learming  station  concepts,  three  major 
configurations  are  presented.  The  concepts  range  from  a  very  basic 

r 

to  an  automated  concept,  representing  the  ultimate  goal  for  rearming 
f  carrier-based  aircraft.  The  basel're  concept  selected  for  system  de¬ 

velopment  lies  between  these  two  extremes.  Subsystem  concepts  for 
supporting  the  baseline  rearming  station  ■>  re  defined  and  operational 
investigation  results  are  presented. 

The  analysis  of  strike-up  and  weapons  pallet  make-up  determines 
the  requirements  for  ordna.nce  s^rike-up  to  feed  the  rearming  station 
and  for  a  weapons  pallet  design  to  position,  secure,  align  and  move 
the  unit  weapons  load  from  the  make-up  area  to  the  aircraft. 

Based  upon  the  requirements  for  unit  load  rearming,  system  hard¬ 
ware  concepts  are  generated  for  the  baseline  rearming  station  and  the 
availability  of  off-the-shelf  hardware  is  discussed.  An.  in-depth  inves¬ 
tigation  of  the  physical  si/.e,  weight  and  configuration  of  ma j  ir  subsys¬ 
tems  of  the  baseline  rearming  station  is  presented.  Physical  and  oper- 
*  ational  problems  are  identified  and  concepts  for  eliminating  these  prob¬ 

lems  are  outlined. 
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III.  CONCLUSIONS 

The  development  of  a  unit  load  rearming  station  for  carrier-based 
alr-'raf'  is  feaslt'.e  and  well  within  the  present  state-of-the-art.  Many 
of  tno  ha  -*\v'  re  items  associated  with  the  unit  load  rearming  station  are 
current.  •  •  liable  and  th  ‘Se  items  net  in  the  off-the-shelf  category  will 

require  a  minimum  development  time. 

The  final  phase  of  weapons  attachment  may  require  a  mechanical 
alignme  i  device  similar  to  the  pin  and  cone  technique  presented  herein. 
At  this  point,  it  is  concluded  that  this  requirement  cannot  be  determined 
by  further  analytical  study,  but  should  be  demonstrated  with  functional 
models  of  the  rearming  station  and  mock-up  (or  actual)  aircraft. 

A  relief  in  the  close  tolerances  between  the  suspension  lues  and  the 
ejector  bomb  rack  hooks  will  drastically  reduce  the  complexity  of  mating 
and  latching  the  unit  weapons  load  to  the  aircraft  and,  depending  upon 
the  degree  of  relief,  may  eliminate  the*  requirement  for  a  final  align¬ 
ment  correction.  Again,  this  will  necessitate  investigations  with  actual 
or  simulated  hardware  to  provide  data  on  which  to  base  a  decision. 

The  baseline  concept  (two-pass  concept)  is  the  most  promising 
concept  for  the  unit  load  rearming  station.  This  concept  rearms  the 
F~4  aircraft  by  loading  the  forward  weapons  stations,  moving  the  air¬ 
craft  forward  approximately  10  feet  and  loading  the  aft  weapon  stations. 
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thus  the  "two-pass"  connotation.  The  ship  volume  required  for  the  wo- 
pass  concept  is  reduced  approximately  30%  over  the  single-pass  station 
concept. 

Operational  analysis  results  indicate  that  use  of  the  baseline  unit 
load  rearming  station  can  significantly  increase  aircraft  carrier  safety 
by  greatly  reducing  congestion  of  loading  equipment  and  personnel  on  the 
flight  deck.  The  rearming  station  offers  a  better  combination  of  man 
and  machines,  a  possibility  of  improving  the  existing  attack  aircraft 
carrier’s  {C  \fA)  capability  and  a  reduction  of  ordnance  loading  person¬ 
nel.  Rearming  aircraft  of  the  same  type  can  be  accomplished  with  the 
baseline  station  in  3  1/2  minutes  per  aircraft,  utilizing  25  men  on  the 
flight  deck  and  14  men  below  deck. 


IV.  RECOMMENDATIONS 


It  is  recommended  that  critical  hardware  systems  (full  size  and 
functional)  of  the  unit  load  re? rming  station  be  designed  and  fabricated, 
and  tests  performed  to  evaluate  critical  facets  of  the  station  as  follows: 

•  Determine  if  the  weapons  and  aircraft  can  be  aligned  to  an  a 
accuracy  which  will  eliminate  the  need  for  final  alignment  on 
the  flight  deck. 

•  Determine  the  effects  of  aircraft  variables,  such  as  tiie  pres¬ 
sure,  structural  deflections,  fuel  load,  etc.,  on. unit  load 
alignment  and  mating. 

•  Determine  the  feasibility  of  using  a  pin  and  cone  final  align¬ 
ment  technique,  if  required. 

9  Perform  simulated  weapons  loading  to  provide  data  for  opera¬ 
tional  analyses  and  to  validate  clearance  requirements. 

It  is  recommended  that  a  rugged,  functional  model  (approximately 
1/ 10  scale)  of  the  baseline  rearming  station  be  built  to  better  define 
overall  operations,  hardware  design  and  equipment  flow. 

In  addition,  it  is  rscoromended  that  the  following  specific  studies 
be  initiated:.. 

•  Rearmtng-Station  for  Sea  Control  Ship  -  Analyze  the  require¬ 
ments  and  generate  a  rearming  station  design  for  an  advanced 
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air  capable  ship  similar  to  the  Sea  Control  Ship  (SCS).  fats 
design  will  be  less  complex  than  for  the  CVA  ships  since  the 
tempo  of  operations  will  not  require  a  very  fast  turnaround 
rate,  the  aircraft  complement  is  much  less,  and  only  one,  or 
possibly  two.  types  of  aircraft  will  be  stationed  on  the  SCS. 
Turnaround  Station  Concept  -  Determine »the  feasibility  and  de¬ 
sirability  of  incorporating  other  aircraft  turnaround  functions 
into  the  rearming  station  to  provide  total  aircraft  servicing, 
such  as  proposed  by  the  "one-stop"  servicing  concept. 

Hreapons  Rack/Suspension  Concepts  »  Generate  designs  for  a 
universal  suspension  lug/ejector  bomb  rack  system  wn:ch  will 
eliminate  the  requirements  for,  or  automate  the  use  of,  safety 
pins,  ejection  cartridges,  sway  braces,  and  electrical  connec¬ 
tions.  The  design  should  provide  sufficient  mating  i  icarantes 
between  the  suspension  lug  and  EBR  hook  to  enable  a  m -»re 
efficient  use  of  present  weapons  loading  equipment  and  to  re¬ 
duce  the  problems  of  automating  weapons  loading. 
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IV.  REPORT  TEXT 


A.  SELECTION  OF  ALIGNMENT  AND  SUSPENSION  CONCEPT 


I.  Introduction 


Concepts,  formulated  during  a  previous  Chrysler  study,  ref¬ 


erence  I,  to: 


•  Support  the  aircraft  over  the  rearming  station  and 


*  Align  the  aircraft  and  weapons  paiiet 
were  anaLyzed  and  the  best  concepts  selected.  In  addition  t  j  reference 


1,  study  results  from  associated  studies  reference  Z  through  6  were 
used  in  establishing  operational  guidelines.  In  order  that  the  selection 
be  based  not  only  on  the  suspension  and  alignment  functions  hut  also  on 


the  aircraft  and  ship  interfaces,  an  operational  analysis  and  numerical 


I 
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rating  technique  was  used. 

2.  Aircraft  Suspension  Concept  Comparison 

Figure  A-l  in  Appendix  I  of  this  report  is  a  comparison  matrix 
of  three  aircraft  suspension  concepts,  the  coiumn  support,  the  guide 
tail  support  and  the  extendible  beams  and  bridge  support.  Their  major 
operational  features,  ac vantages  and  disadvantages  are-disi  ussed  below, 
a.  Coiumn  Support 

The  operational  features  of  the  column  support  are  as 
follows:  The  rearming  station  elevator  is  in  the  up  position  when 


the  aircraft  is  moved  into  and  out-of  the  loading  station  by  a  tow 
truck.  For  loading,  the  nose  gear  wheel  is  positioned  and  secured 
outside  the  elevator  area.  The  main  wheels  are  positioned  and 
locked  onto  the  support  columns.  The  rearming  station  elevator 
is  lowered  around  the  stationary  support  columns  to  shuttle  the 
unit  loader  to  and  from  the  flight  deck  level.  The  aircraft  remains 
hooked  to  the  tow  truck  during  the  total  ordnance  loading  operation. 
No  unhooking  and  rehooking  of  the  tow  truck  is  necessary. 

The  two  support  columns  are  anchored  below  the  03  level 
on  guide  rails.  The  columns  are  moved  on  the  guide  rails  and 
locked  into  position  to  correspond  to  the  A -4,  A -6,  A -7  and  F-4 
main  wheel  tracks.  The  columns  telescope  sufficiently  to  permit 
them  to  be  moved  from  one  location  to  another  when  the  rearming 
station  elevator  is  raised  to  the  flight  deck  level.  Locking  mech¬ 
anisms  accurately  stop-and-lock  the  columns  at  preset  pos'»tions 
corresponding  to  the  aircraft  gear  location!  Manhole  covers  lock 
into  the  rearming  station  elevator  at  unused  column  positions  to 
provide  a  smooth  continuous  elevator  surface, 
b.  Guide  Bail  Support 

The  corresponding  operational  features  of  the  guide  rail 
support  system  are  as  follows:  The  aircraft  main  wheels  arc  sup¬ 
ported  by  two,  deck  level,  rails  which  span  the  rearming  station 
elevator  opening.  The  nose  gear  is  supported  by  a  movable  cross 
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member.  Ths  aircraft  is  moved  into  and  out  of  the  loading  station 
independent  of  the  rearming  station  elevator  position. 

The  guide  rails  rest  on  low  friction  bearings  and  are 
moved  and  locked  into  position  to  correspond  to  the  various  aircraft 
main  wheel  tracks.  The  rails  are  equipped  with  wheel  guides  which 
assure  that  a  wheel  is  centered  on  the  rail.  The  cross  member 


locks  to  the  nose  gear  wheel  and  moves  with  the  airciaft  along  the 
guide  rails  to  a  preset  position.  After  ordnance  loading  the  cross 
member  carries  the  nose  gear  wheel  outside  the  rearming  station 
elevator  opening.  The  aircraft  it  moved  into  and  out  of  the  lotvding 
station  by  a  positioning  endless  chain  which  ergages  the  aircraft  • 
nose  gear.  Analysis  show  that  the  guide  rail  system  requires  one 
less  elevator  cycle  per  loading  sequence  than  the  column  support 
system.  Consequent  Ly,  the  roai  ming  station  elevatos  is  available 
for  a  longer  time  .xt  the  03  level  as  compared  to  the  column  support 
concept. 

c.  Extendible  Beams  ar.ri  Bridge  Support 

The  major  operational  features  of  the  extendible  beams  ana 
briage  support  system  are  as  follows:  The  aircraft  nose  gear  is 
supported  by  a  jridge,  white  me  main  gear  wheels  are  supported  b> 
extendible  beams  during  aircraft  positioning  and  weapons  loading, 
and  by  the  bridge  during  the*  movement  of  the  aircraft  out  of  the 
station.  The  aircraft  i-s  rr,o\ed  into  and  out  of  the  loading  station 


independent  of  the  rearming  y cation  elevator  position. 


The  operational  sequence  is  as  follows:  The  bridge  is  in  the 
aft  position  and  the  extendible  beams  are  adjusted  to  the  aircraft 
main  gear  wheel  pattern.  The  nose  gear  wheel  is  moved  onto  and 
fixed  to  the  bridge.  The  bridge  moves  for  vard,  moving  the  air¬ 
craft,  until  main  gear  wheels  come  to  rest  against  stops  on  extend¬ 
ible  beams.  The  bridge  assembly  and  extendible  beams  move  for¬ 
ward  until  the  aircraft  is  positioned  in  a  predetermined  station. 
During  th^  above  operation  the  wheels  are  secured  and  locked  to 
the  beams  and  to  the  bridge  assembly.  The  bridge  assembly  un¬ 
locks  from  the  nose  gear  wheel  and  moves  aft  to  make  contact  with 
exteidible  beams,  locks  onto  the  main  gear  support  pads  and  moves 
the  aircraft  out  of  the  loading  station.  This  aircraft  support  system 
offers  the  same  "independent  of  elevator"  advantages  as  the  guide 
rail  support  concept;  however,  the  system  requires  synchroniza¬ 
tion  of  support  beams  and  the  bridge  assembly  movements,  has 
more  moving  parts  and  is  more  complex  to  operate, 
d.  Comparison  Matrix 

The  numbers  in  the  body  .of  Figure  A-l,  in  Appendix  I,  are 
concept  data  and  concept  rating  information.  The  left  hand  column 
is  a  tabulation  of  important  aircraft  support  features.  The  impor¬ 
tance  of  the  system  feature  to  the  overall  loading  station  concept  is 
the* weighting  factor  {IR).  This  value,  IR,  is  multiplied  by  the  con¬ 
cept  "rating"  number  and  summed  tc  give  a  total  concept  comparison. 
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The  highest  score  indicates  the  most  desirable  concept.  The  num¬ 
erical  values  of  the  weighting  factors  a.nd  concept  rating  are  based 
upon  engineering  judgment  to  a  large  degree.  These  values  were 
jointly  agreed  upon  by  Chrysler  and  Navy  personnel. 

The  guide  rail  support  concept  received  a  low  structural 
weight  rating  since  its  estimated  weight  is  approximately  3,000 
pounds  more  than  either  of  the  other  two  concepts. 

System  simplicity,  which  is  indicative  of  lew  developmen¬ 
tal  and  operational  costand  low  operational  skill  requirements,  is 
given  a  high  1R  rating.  The  extendible  beam  and  bridge  support 
concept  is  considered  significantly  more  complex  to  design,  oper¬ 
ate  and  service  because  of  the  largo  number  of  sliding  support 
members  and  the  requirement  for  synchronized  movement  of  the 
extendible  beams  and  bridge  assembly.  The  column  support  sys¬ 
tem  is  rated  slightly  higher  for  normal  operation,  and  safety  because 
the  aircraft  can  be  moved  across  a  solid  elevator  floor  in  lieu  of 
across  rails  over  an  elevator  opening.  Also,  this  concept  has 
minimum  obstructions  as  the  weapons  are  moved  upwa i  J  to  mate 
with  he  aircraft.  However,  Mis  advantage  is  nearly  offset  by  the 
fact  that  the  eclemns  do  interfere  with  the  movement  of  the  pallet 
onto  the  elevator. 

The  column  support  concept  was  judged  less  vulnerable  to 


flight  deck  accident  buuausc  the  majority  of  the  support  assembly  is 


below  the  flight  deck.  Also,  the  column  support  concept  is  consid¬ 
ered  slightly  safer  to  operate  because  this  concept  does  not  contain 
structure  overhanging  the  rearming  elevator  as  the  elevator  is 
raised. 

The  inherent  reliability  of  the  extendible  beam  and  bridge 
support  is  rated  lower  than  the  other  two  concepts  because  of  the 
increased  mechanical  complexity  and  the  required  electrical  inter¬ 
locks  for  synchronization  of  the  support  beam  and  bridge  movements 

As  discussed  in  the  following  section,  the  column  support 
concept  requires  more  time  to  complete  an  lircraft  loading  cycle 
because  of  the  extra  cycle  required  by  the  elevator.  No  significant 
difference  exists  in  required  manpower  to  operate  a  station  using 
either  of  the  three  aircraft  suspension  concepts. 

Operational  analysis  of  the  three  concepts  indicate  that  ihe 
column  support  system  is  less  subject  to  system  automation.  Also., 
the  impact  of  the  column  support  concept  hardware  on  ship  design 
appears  to  be  less  desirable.  For  exan  pie,  a  change  of  the  loading 
station  to  Accommodate  a  new  aircraft  would  require  extensive 
modifications  to  the  elevator  and  ordnance  pallet  because  of  the 
holes  required  for  the -support  columns.  On  the  other  hand,  the 
guide  rail  support  system  could  easily  be  adjusted  to  accommodate 
new  aircraft  or  weapon  support  hardware. 


e.  Operational  Analysis 

Figure  A -2  is  a  flow  process  chart  which  compares  the 
operational  sequence  of  airc“a£t  during  ordnance  loading  using  the 
three  aircraft  support  concepts.  The  Interdependent  sequence  of 
the  unit  loader,  elevator  and  aircraft  are  outlined.  The  signifi¬ 
cantly  different  operations  arc:  1)  the  extra  elevator  cycle  required 
with  the  column  support  system,  and  2)  the  tow  truck  unhooking  and 
hooking  operations  with  the  other  two  concepts. 

A  comparison  of  the  required  ordnance  loading  time  and 
manpower  was  made  for  each  of  the  three  candidate  aircraft  sup¬ 
port  concepts.  Care  was  exercised  to  maintain  consistent  ground 
rule  and  input  data.  Crew  make  up,  work  stations  layout  and  gen¬ 
eral  assumptions  are  consistent  with  those  used  in  reference  1. 
Multiple  Activity  Charts,  figures  A -3  and  A-4,  are  based  upon  one 
loading  station  per  ship.  Nominal  loading  ol  the  A -7  aircraft  is 
assumed.  The  time  -equirca  lor  each  individual  operation  is  based 
upon  conservative  estimates  of  manpower  and  hardware  movements. 

Figure  A -3  is  a  multiple  activity  chart  for  a  typical  re¬ 
arming  operation  using  the  un.t  loader  and  the  column  support  con¬ 
cept.  Figure  A  ••  -1  presents  a  similar  chart  for  comparative  pur¬ 
poses  of  rearming  operation  using  the  unit  lo  der  and  the  rail  or 
extendible  bean:  and  bridge  support  system  (the  other  two  alterna¬ 
tives).  Comparison  of  figures  A -3  and  A-*l  indicates  that  the 


column  support  system  results  In  slightly  slo..er  aircraft  loading 
(3.5  minutes  versus  3.0  minutes  for  the  other  two  concepts).  This 
slower  time  results  from  the  requirement  that  the  elevator  be  st  the 
flight  deck  level  for  moving  aircraft  into  and  out  of  the  loading  sta¬ 
tion.  While  the  rearming  station  elevator  is  at  flight  deck  ievel  the 
03  level  operations  are  delayed, 
f.  Concept  Selection 

The  guide  rail  support  was  selected  as  the  best  support: 
concept  based  upon  results  from  the  operational  analysis  and  the 
concept  comparison  matrix.  Even  though  the  total  numerical  rating; 
of  the  guide  rail  concept  and  the  column  support  concept  was  almost 
equal,  it  was  mutually  agreed  that  the  guide  rail  concept  offered 
less  design  risk,  greater  system  improvement  potential  and  sig¬ 
nificantly  less  impact  on  associated  systems. 

3.  Alignment  Concept  Comparison 

Figure  A-5  is  a  comparison  of  the  eight  alignment  concepts 
defined  in  Chrysler  Report  HGS-R52-70,  Ref.  I.  The  concepts  fall  into 
three  categories:  mechanical/forced,  semiautomatic  /manually  controlled 
and  automatic/sensor  controlled;  each  concept  has  inherent  strong  and 
weak  points  which  are  tabulated.  One  of  the  most  important  character¬ 
istics  of  an  alignment  concept  is  the  number  of  tolerance  build  up  sta¬ 
tions.  An  alignment  concept  is  most  desirable  which:  has  a  minimum 
number  of  tolerance  build  up  stations,  the  smallest  misalignment  per 


station;  is  simple,  reliable,  easy  to  automate  and:  has  a  low  potential 
of  damaging  the  aircraft. 

Since  concepts  for  aligning  the  ordnance  and  aircraft  fall  into 
three  general  categories  a  comparison  of  these  three  categories  was 
made.  Figure  A-6  is  a  numerical  rating  matrix  of  general  concepts 
for  gross  alignment  of  aircraft  and  ordnance.  The  highest  score  indi¬ 
cates  the  most  desirable  concept.  Operational  evaluation  and  numeri¬ 
cal  rating,  indicate  that,  for  the  aircraft  carrier  environment,  the  auto¬ 
mated/sensor  controlled  alignment  concept  is  more  complex,  more 
difficult  to  maintain,  and  has  a  lower  inherent  reliability.  The  forced 
alignment  concept  using  pin  and  cone  has  a  high  simplicity,  is  inher¬ 
ently  rugged  and  easy  to  maintain.  However,  the  forced  alignment  con¬ 
cept  has  a  limited  degree  of  operational  flexibility.  That  is,  readjust¬ 
ment  is  difficult  once  the  pin  and  cone  are  mated.  A  semiautomated 
system,  whereby  fixed  alignment/ indexing  points  on  the  aircraft  and 
ordnance  are  aligned  to  corresponding  index  points  receive  higher 
overall  numerical  rating.  These  numerical  rating  values  are  based 
upon  engineering  judgment  and  were  selected  in  a  joint  meeting  of 
Chrysler  anc  Navy  personnel. 

Analysis  results  indicate  that  an  alignment,  system  which  uses 
pins  and  cones,  forced  alignment,  as  a  primary  system  and  a  semi- 
automated  technique  for  alignment  verification  or  final  alignment  would 
be  optimum.  Based  upon  concept  comparison  results  a  semiautomated 


alignment  concept  which  incorporates  forced  .alignment  features  was  se¬ 
lected  for  further  development.  As  a  first  step  a  baseline  alignment 
concept  was  formulated  based  upon  the  strong  points  of  the  eight  Chrysler 
concepts.  The  baseline  alignment  system,  included  in  Appendix  I  of 
this  'report,  has  the  following  attractive  features. 

•  Danger  to  aircraft  is  low 

•  Concept  is  easy  to  automate 

•  The  misalignment  tolerance  build-up  is  low 

•  The  unit  loader  is  not  required  to  be  at  flight  deck  level 
and  therefore  is  free  for  03  level  activity 

•  No  complicated  electro-optical  hardware  is  required 
B.  DEVELOPMENT  OF  CONCEPTS 

I.  CVA  Rearming  Stations 

a.  General  Definition  of  Major  Concepts 

During  the  course  ol  the  present  study,  it  became  evident 
that  several  concepts  were  available  for  performing  the  aircraft 
rearming  aboard  CVA -type  ships.  All  the  concepts  are  basically 
the  same,  i.  e. ,  each  requires  the  suspension  of  the  aircraft  over 
a  deck  opening  and  the  positioning,  raising,  and  latching  of  the 
weapons  by  means  of  a  lift  or  elevator.  The  major  differences  in 
the  concepts  are  the  degree  to  which  the  concept  has  been  automated, 
the  flexibility,  reliability  and  versatility  designed  into  the  concept, 
and  the  extent  of  modifications  to  the  ship  for  implementation.  At 
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least  three  concepts  for  a  rearming  station  have  been  identified  and 
analyzed  during  this  study.  Other  concepts,  which  may  be  a  com¬ 
bination  of  features  from  two  or  more  of  the  three  have  been  studied, 
but  it  appears  that  the  three  concepts  are  generally  the  most  repre¬ 
sentative. 

The  major  features  of  the  three  concepts  are  discussed, 

ft 

the  strong  and  weak  points  of  each  are  Identified.  A  matrix  of 
concept  features  is  presented  for  summarization  and  comparison 
of  the  concepts. 

(1)  Concept  I.  ''BASIC”  Concept 

Pcscr'tpt:on:  The  basic  concept  consists  of  a  rearm¬ 
ing  station  built  in  modules  for  new  ship  construction  and  for 
possible  backfitting  with  minimum  ship  modifications.  The 
modules  contain  all  the  equipment  and  hardware  required  :for 
accepting  the  weapons  at  the  make-up  area  and  delivering  them 
to  the  aircraft.  The  aircraft  support  system  is  the  main  gear 
support  beams  and  nose  gear  bridge,  and  the  aircraft  is  moved 
on  and  off  the  station  by  the  nose  gear  bridge.  The  weapons 
load  is  made-up  on  the  ordnance  elevator  which  is  used  to 
raise  the  positioned  tmd  aligned  weapons  to  the  aircraft. 

Major  Features: 

•  Two -pass  loading  of  F-4  aircraft  (see  Section 

V-B.2.a). 
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•  Deck  opening  and  rearming  station  elevator  sized 
for  the  largest  unit  load. 

•  Unit  load  make-up  is  performed  on  the  rearming 
station  elevator. 

•  Modular  construction  of  station  allows  for  smoother 
implementation  new  ships  and  minimizes  modi¬ 
fication  in  backfitting. 

•  Aircraft  support  is  by  main  gear  beams  and  nose 
gear  bridge.  The  nose  gear  bridge  is  used  t»> 
position  aircraft  over  the  station. 

•  Weapons  support  fixtures,  providing  the  capabil¬ 
ity  of  adjustment  in  three  directions,  and  pitch, 
roll,  and  yaw  angles,  are  mounted  on  rails  and 
positioned  manually. 

*  •  Weapons  are  manually  aligned  on  the  flight  deck 

via  the  weapons  support  fixtures. 

Assessment:  The  basic  concept  is  capable  of  rearm¬ 
ing  an  aircraft  in  approximately  ?  minutes.  This  requires  a 
minimum  of  two  stations  to  achieve  the  desired  turnaround  rate 
of  17  aircraft  per  hour  {reference  7).  The  main  reason  for  the 
7  minute  time  is  because  the  rearming  station  elevator  and  the 
ordnance  elevator  must  function  depender.tly.  The  rearming 
station  elevator  cannot  be  used  during  unit  toad  make-up. 
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Another  faetor  is  that  the  empty  skids  from  the  previous  air¬ 
craft  must  be  cycled  to  the  main  deck  before  the  next  aircraft 
load  can  be  prepared. 

With  the  basic  concept,  the  deck  opening  and  elevator 
are  sized  for  the  unit  load  so  that  once  the  weapons  are  posi¬ 
tioned  on  the  elevator  for  loading  they  need  not  be  moved.  The 
basic  concept  offers  better  control  of  weapons  flow,  requires 
less  manual  labor  and  provides  more  efficient  rearming  than 
present  loading  procedures. 

The  modular  type  construction  should  decrease  yard 
rime  for  implementation  on  either  new  ships  or  backfilling  since 
the  rearming  stat  on  could  be  constructed,  equipped  and  checked 
out  prior  to  installation  on  the  ship. 

(2)  Concept  It.  Baseline  Concept 

Description:  The  baseline  concept  is  a  refinement  of 
the  basic  concept  to  meet  the  desired  turnaround  times,  to 
reduce  personnel  requirements,  particularly  on  the  flight  deck, 
and  to  eliminate  manual  handling  of  weapons.  This  concept 
represents  the  minimum  system  for  efficiently  and  safely  per¬ 
forming  unit  load  rearming.  The  station  utilizes  a  weapons 
pallet  to  support  the  weapons  and  to  shuttle  the  unit  load  from 
the  make-up  area  to  the  ordnance  loading  elevator.  Two  unit 
load  make-up  areas  are  provided  at  two  deck  levels  to  speed 
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the  loading  process.  A  weapons  alignment  fixture  is  used  to 
align  the  weapons  on  the  weapons  pallet  ho  that  the  weapons 
lugs  coincide  with  the  ejector  bomb  rack  (EBR)  hook  location. 

Major  Features: 

•  Two-pass  loading  for  F-4  aircraft 

•  Deck  opening  and  rearming  station  elevator  sized 
for  the  largest  unit  load  of  weapons 

•  .  Two  separate  weapons  pallet  make-up  areas  lo¬ 

cated  at  two  deck  levels  and  adjacent  to  the  re¬ 
arming  station  elevator. 

•  A  weapons  pallet  provided  for  each  make  up  area 

•  Aircraft  support  by  main  gear  beams  and  nose 
gear  bridge 

•  Modular  construction  decreases  complexity  for 
new  ship  implementation  or  backfitting. 

•  Weapons  support  fixtures  mounted  on  low  friction 
rail  system  enables  fast,  smooth  positioning  and 
positive  braking  and  locking  capability. 

•  Nose  gear  bridge  used  to  position  aircraft  over 
rearming  station 

•  Weapons  alignment  fixture  permits  the  total  wea¬ 
pons  load  to  be  positioned  and  aligned  in  the  make¬ 
up  aiea,  reducing  or  eliminating  the  requirement 
for  weapons  alignment  on  the  flight  deck. 


•  The  same  weapons  pallet  is  used  for  loading  all 

stations  o£  the  A-4,  A-6,  A-7  and  forward  stations 
of  the  F-4,  and  the  aft  stations  of  the  F-4  during 
two-pass  loading. 

(3)  Concept  III.  "AUTOMATED"  Concept- 

Description:  The  automated  concept  is  a  refinement 
-of  the  baseline  concept  to  incorporate  more  automation  into  the 
station.  This  concept  has  two  weapons  pallet  make-up  areas  at 
two  deck  levels  and  uses  a  separate  weapons  pallet  for  each 
make-up  area.  Drive  systems  with  remote  controls  provide 
the  mobility  for  the  weapons  support  fixtures.  The  adjustment 
system  for  the  weapons  support  fixtures  is  also  motorized  and 
can  be  remotely  actuated  and  controlled.  The  weapons  are 
aligned  with  a  computer  controlled  alignment  fixture  which 
accounts  for  various  aircraft  variables  such  as  tire  pressure, 
landing  gear  stiffness,  fuel  load  and  manufacturing  tolerances. 

The  weapons  pallet  and  rearming  station  elevator  are 
designed  in  two  sections  to  enable  single  pass  loading  of  all 
aircraft.  For  all  aircraft  except  the  F-4,  the  forward  pallet 
section  and  the  forward  elevator  section  are  used  for  weapons 
loading.  For  the  F-4,  both  pallet  sections  and  both  elevator 
sections  are  used. 
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Major  Features: 

•  Single  pass  loading  of  all  aircraft 

•  Deck  opening  and  rearming  station  elevator  sized 


to  accommodate  unit  leading  of  the  F-4  and  simi¬ 
lar  aircraft. 

•  Two  pallet  make-up  areas  with  one  weapons 
pallet  for  each.  Make-up  areas  at  two  deck 
levels. 

•  Dual  rearming  station  elevator  and  two-section 
weapons  pallet  to  more- efficiently  hand?*?  single¬ 
pass  loading  of  all  aircraft 

•  Motorized  weapons  support  fixtures  and  weapons 
pallets  to  eliminate  manual  handling  and  posi¬ 
tioning  of  ordnance 

•  Remotely  actuated  and  controlled  adjustments  for 
the  weapons  support  fixtures 

•  Computerized  weapons  alignment  fixture  for  auto¬ 
matic  set-up  and  alignment  of  weapons  on  the 
weapons  pallet 

•  Aircraft  support  by  main  gear  beams  and  nose 


gear  bridge 

Weapons  alignment  accomplished  in  the  make-up 
area.  Hands-off  loading  on  the  flight  deck. 

Modular  construction  of  station. 
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Assessment:  The  automated  concept,  while  requiring 
more  ship  volume  than  the  other  concepts,  will  greatly  improve 
the  efficiency  of  aircraft  rearming.  "Manpower  requirements 
will  be  reduced,  safety  enhanced,  rearming  reliability  increased 
and  turnaround  time  decreased.  For  new  ship  construction,  the 
optimized  rearming  concept  can  be  integrated  with  advanced 
strike-up  and  strike-down  concepts  and  magazine  storage  and 
retrieval  concepts  to  provide  a  completely  automated  weapons 
handling,  movement  and  loading  system  from  magazine  to 
aircraft. 


(4)  Concept  Comparison 

The  major  features  of  the  three  concepts  are  summa¬ 
rized  in  table  1. 

Table  1.  Rearming  Station  Concept  Comparison 
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Major  .  Concept 

Feature 

Basic 

Baseline 

_ 

Automated 

a 

1.  Deck  opening  and  rearming  station 

\ 

elevator  sized  for  two-pass  loading 

X 

X 

-.  Deck  opening  and  rearming  station 

. 

: 

\ 

elevator  sized  for  single-pass 

■ 

loading 

X 

i 

3.  Unit  load  make-up  on  the  rearming 

\ 

station  elevator 

X 

i 

4.  Two  make-up  areas  at  two  deck 

I 

levels 

X 

X 

?.  One  weapons  pallet  (fixed  to  rearm- 

| 

ing  station  elevator) 

X 

■  i 

l 

•^i 


Table  1.  Rearming  Station  Concept  Comparison  (Continued) 


Major  “  i-— Concept 

Feature 

‘ 

Basic 

Baseline 

Automated 

l 

•\ 

& 

6.  Two  movable  weapons  pallets 

X 

X 

J 

1 

7.  Modular  construction 

X 

X 

X 

> 

8.  Ai-craft  suspension  by  "main  gear 

' 

beams  and  nose  gear  bridge" 

*  " 

concept 

X 

X 

X 

■ 

9.  Single  rearming  station  elevator 

X 

X 

i 

$ 

10.  Dual  rearming  station  elevator 

■* 

X 

i 

11.  Weapon  support  fixtures  positioned 

5 

manually 

X 

5 

12.  Weapon  support  fixtures  positioned 

-s 

manually  with  aid  of  drive  motors 

X 

3 

f 

13.  Weapon  support  fixtures  automatic 

•> 

5 

cally  positioned  by  servo  system 

X 

y 

14.  Final  weapons  alignment  performed 

} 

manually  on  flight  deck 

X 

\ 

i 

15.  Weapons  alignment  fixture  in  make- 

-  ■ 

' 

up  area  (reduces  or  eliminates 

' 

final  alignment  on  flight  deck) 

X 

j 

15.  Weapons  alignment  remotely  con- 

\ 

trolled  and  automatically  performed 

; 

i 

in  make-up  area 

X 

\ 

; 

J  •  • 

b.  Development  of  Selected  Concepts 

The  rearming  station  concepts  selected  for  development 
axe  ylosoly  related  to  *.he  three  concepts  described  previourly  but 
incorporate  some  of  the  best  features  of  all  those  studio'..  In  the 
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early  stage  of  the  study,  the  one-pass  system,  similar  to  the  "auto¬ 
mated"  concept,  was  developed.  As  this  concept  became  more 
clearly  defined  and  analyses  were  performed,  the  baseline  concept 
evolved.  Then  as  a  further  refinement,  to  reduce  the  deck  opening 
si ^ e  and  the  below  deck  volume  required  for  the  loading  station,  the 
basic  concept  was  generated.  The  basic  concept  represents  the 
minimum  system  which  meets  the  requirements  for  unit  loading. 

The  baseline  concept  represents  the  preference,  at  this  stage  of 
total  system  development,  for  a  unit  load  rearming  system. 

(lj  One-Pass  Rearming  Technique 

The  one-pass  rearming  technique  is  capable  of  loading 
the  total  weapons  ioad  of  the  F-4,  A-4,  A-6or  A-7  aircraft  with 
a  single  spotting  over  the  rearming  station.  The  deck  opening 
has  been  sized  for  the  largest  unit  load  of  weapons,  carried  by 
the  largest  aircraft.  In  this  case,  loading  the  F-4  aircraft  with 
a  600-gallon  fuel  tank  on  the  centerline  weapon  station  and 
b-MK-82  /MER  on  the  outboard  wing  stations  is  the  governing 
situation  for  station  length.  The  width  of  the  station  opening  is 
based  on  the  width  required  to  load  the  A-7  aircraft.  The  A-7 
presents  a  special  problem  since  the  weapons  loaded  on  the  in¬ 
board  wing  stations  must  be  moved  laterally  to  clear  the  main 
landing  gear,  raised  above  the  landing  gear,  and  then  moved 
laterally  to  mate  and  latch  on  the  J2BR.  This  lateral  movement 

19 


1 1 
II 


it 

4} 


dictates  the  station  opening  width.  The  -specialized  case  of  A-? 
weapons  loading  is  treated  in  Section  V-B.  2. 

The  deck  opening  for  one-pass  loading  was  determined 
to  be  32  feet  wide  by  38  1/2  feet  long.  Refer  to  figure  1.  The 
beiotv  deck  areas  consist  of  the  rearming  station  elevator,  the 
weapons  pallet  make-up  and  alignment  area,  and  the  holding 
area.  Two  upper  stage  ordnance  elevators  feed  the  rearming 
station  from  magazines  located  at  various  ship  levels.  As  seen 
in  figure  l,  the  below  dock  space  is  divided  into  two  bi-lev'l 
areas.  The  bi- level  design  offers  many  advantages  in  Lime 
savings,  orderly  and  efficient  weapons  and  skid  handling,  and 
better  control. 

The  upper  stage  ordnance  elevators  are  capable  of 
feeding  either  the  upper  or  lower  n'.ake-up  level.  Each  elevator 
is  sized  to  carry  3  of  the  iargest  ready  service  weapon/skid 
configurations.  With  two  elevators,  this  enables  the  total 
weapons  load  for  most  aircraft  to  be  brought  to  the  make-up 
area  with  One  elevator  cycle.  Other  advantages  of  the  dual  ele¬ 
vators  are  discussed  in  detail  in  the  operational  analysis.  Sec¬ 
tion  V-E. 

The  holding  ramp  provides  temporary  storage  of  skids 
so  that  the  ordnance  elevators  may  be  cycled.  The  holding  ramp 
is  sized  to  allow  the  longest  weapon/skid  to  clear  the  ordnance 
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elevator.  Since  the  ordnance  elevators  service  either  the  upper 
or  lower  make-up  areas,  the  holding  ramp  permits  the  assembly 
of  the  aircraft  weapons  load  at  one  make-up  level  while  the  we. 
pons  pallet  is  being  prepared  at  the  other  level.  These  features 
not  only  provide  independent  operations,  but  provide  a  redun¬ 
dancy  in  the  event  of  failure  of  one  ordnance  elevator  or  one 
make-up  area. 

The  make-up  areas  are  key  components  of  the  rearm¬ 
ing  station.  In  these  areas,  the  weapon  positioning  and  align¬ 
ment  on  the  weapons  pallet  is  accomplished.  The  make-up  area 
provides  a  parking  space  for  the  weapons  pallet.  The  pallet  is 
composed  of  two  sections,  a  forward  and  aft  section.  The  for¬ 
ward  pallet  section  is  used  for  loading  thc  A-4,  A-6,  A -?  ar.d 
the  forward  stations  of  the  F-4  aircraft,  and. the  .aft,  pallet  sec¬ 
tion  is  used  exclusively  for  the  F - 4  aircraft.  This  approach  has 
been  used  to  avoid  handling-  the  total  pallet  except  Tor  the  F-4 
aircraft  loading.  The  aft  pallet  5ecfclon_is  stored  beneath  the 
holding  ramp  when  not  being  used.  Again,  by  providing  two 
pallets  and  two  make-up  areas  simultaneous  operations  can  take 
place  at  both  levels  and  redundancy  is  provided. 

Ait  alignment  fixture,  located  in  the  make-up  area,  io 
used  to  accurately  and  quickly  align  the  weapons  on  the  weapons 
pallet.  The  pallet  is  then  aligned  with  respect  to  the  aircraft  on 
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the  rearming  station  elevator  to  complete  the  gross  alignment. 
Final  weapons  lug  and  ejector  bomb  rack  hook  alignments  if  re¬ 
quired,  is  accomplished  on  the  flight  deck. 

The  rearming  station  elevator  shuttles  the  weapons 
pallet  to  and  from  the  flight  deck  level.  The  elevator  is  de¬ 
signed  to  support  and  lift  the  total  pallet  (forward  and  aft  sec¬ 
tions)  and  weapons  load  to  the  aircraft.  The  idea  of  using  a 
separate  elevator  for  each  pallet  section  was  considered  but  dis¬ 
carded  since  the  problems  of  synchronizing  the  two  would  be  dif¬ 
ficult  to  overcome  and  very  little,  if  any,  weight  savings  could 
be  realized.  Therefore,  the  rearming  station  elevator  is  sized 
to  lift  the  total  F-4  weapons  load,  using  both  pallet  sections. 

The  rearming  station  elevator  can-serve  either  of  the 
two  make-up  levels.  This  enables  simultaneous  operations  to 
take  pi  :e  in  the  make-up  areas  and  provides  versatility  to  the 
totai  system. 

The  aircraft  is  supported  and  positioned  over  the  sta¬ 
tion  by  two  main  gear  support  beams  and  a.  nose  gear  bridge. 

Thu  main  gear  support  beams  span  the  deck  opening  longitudi¬ 
nally  and  carry  the  main  gear  pads  which  support  and  secure 
the  aircraft  main  gear  during  movement  and  weapons  loading. 
The  beams  and  nose  gear  bridge  have  been  preliminarily  sized 


and  analyzed  for  si«v  k  loading.  The  calculations  may  be  found 
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in  Appendix:  III.  The  depth  of  the  main  gear  support  beams  is  ap¬ 
proximately  30  inches  and  the  nose  gear  bridge  is  approximately 
16  inches  deep.  Allowing  2  inches  for  detailing  the  beam  connec¬ 
tions.  a  total  of  48"  is  required  for  aircraft  support  structure. 
This  distance  becomes  a  controlling  dimension  for  the  design  of 
the  weapons  loading  elevator,  pallet  and  weapons  support  fix¬ 
tures  since  the  top  of  the  pallet  must  be  48"  below  the  flight 
deck  level. 

(2)  Two-Pass  Rearming  Technique  (Baseline) 

The  two-pass  loading  technique  is  shown  in  figure  2. 
Comparing  the  two-pass  technique  with  the  single  pass  tech¬ 
nique  shown  in  figure  1,  the  following  differences  are  noted: 

•  Deck  opening  has  been  reduced  from  32  feet  x 
38  1/2  feet  to  32  feet  x  28  3/4  feet 

•  Below  deck  space  has  been  reduced.  The  make-up 
areas  are  17  1/2  feet  x  32  feet  compared  to  29  feet 
x  32  feet  for  the  single  pass  concept.  The  holding 
area  and  upper  stage  elevator  size  is  unchanged. 

•  One- pallet  section,  31  1/2  feet  x  i6  1/2  feet  is  used 
to  load  all  aircraft. 

•  Total  station  volume  is  reduced  approximately  31%. 

•  The  elevator  length  has  been  reduced  from  38  1/2 
feet  to  .28  3/4  feet.  The  width  (32  feet)  remains  the 


same. 
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FIGURE  2,  UNIT  I 


Although  the  elevator  size  for  the  two-pass  technique 
can  be  reduced  to  approximately  17  feet  x  32  feet,  it  was  de¬ 
cided  to  leave  the  elevator  the  same  size  as  the  deck  opening  in 
order  to  completely  close  the  deck  opening  when  the  station  is 
r.ot  in  use. 

Comparison  of  operational  features,  such  as  loading 
time  and  manpower,  are  given  in  Section  V-E  for  the  single  pass 
and  twb-pass  techniques. 

(3)  Basic  Concept 

The  basic  concept  is  shown  in  figure  3.  This  concept 
utilizes  the  rearming  station  elevator  for  unit  load  make-up  and 
alignment  and  has  a  single  upper  stage  (U.  )  ordnance  eleva¬ 

tor.  The  weapon  support  fixtures  are  raii  supported  and  have 
the  capability  of  longitudinal  and  lateral  movement.  The  con¬ 
cept  does  not  have  a  movable  weapons  pallet  as  in  the  previous 
concepts,  but  uses  the  rearming  station  elevator  as  a  fixed 
weapons  pallet.  These  factors  influence  the  operational  se¬ 
quence  of  the  rearming  station  to  a  great  degree,  since  they 
necessitate  upper  stage  ordnance  elevator  and  rearming  station 
elevator  cycling  dependency. 

The  U.S.  ordnance  elevator  is  28  feet  x  20.  5  feet  and 
will  carry  six  fully  loaded  weapons  skids,  the  maximum  required 
for  two-pass  loading.  V/Uh  the  basic  concept,  the  aircraft's 
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weapons  load  is  assembled  on  th;*  upper  stage  elevator  at  the 
hangar  deck  level,  raised  to  the  03  level  and  transferred  to  the 
rearming  station  elevator.  Any  delay  in  availability  of  either 


elevator  causes  a  delay  in  che  total  rearming  process. 

The  rearming  station  elevator  is  equipped  with  a  criss- 
cross  pattern  of  rails  which  support  the  weapons  support  fixtures 
and  enable  movement  of  the  fixtures  in  the  lateral  and  longitudi¬ 
nal  directions.  The  three  rails  under  each  weapons  support  fix¬ 


ture  are  attached  to  the  lateral-direction  rails  by  slotted  ball 
bushings.  Also,  the  weapons  support  fixtures  are  attached  to  the 
longitudinal-direction  rails  by  slotted  bail  bushings.  To  move 
the  weapons  support  fixture  laterally,  the  entire  assembly, 
weapons  support  fixture  plus  the  three  longitudinal  rails,  moves 
laterally. 


The  basic  concept  requires  a  great  deal  less  below  deck 
space  than  either  the  baseline  or  automated  concepts.  The  deck 
opening  has  been  sized  for  two-pass  loading  and  requiri  s  the 


same  area  as  the  baseline  concept.  Below  deck,  the  b'isic  con¬ 
cept  requires  approximately  t /4  of  the  volume  required  by  the 
automated  concept  and  about  1/3  the  volume  required  by  the  base¬ 
line  concept.  However,  the  rearming  time  per  aircraft  for  the 
basic  concept  will  increase  by  a  factor  of  2  or  more  over  the 
baseiine  concept. 


2.  Development  of  Subsystem  Requirements 

This  section  presents  the  requirements  and  major  concepts  for 
the  rearming  station  subsystems.  In  most  cases,  the  subsystem  require- 
ments  and  concepts  generated  will  apply  regardless  of  which  rearming 
station  concept  it  is  used  with. 

a.  Flight  Deck  Opening  Requirements 

Frotr  an  analysis  of  the  weapon  station  envelopes  for  the 
A-4,  A-6,  A-7  and  F-4,  it  was  determined  that  the  elevator  opening 
required  for  loading  these  aircraft  is  approximately  38-1/2  feet  long 
by  32  feet  wide.  The  weapon  station  patterns  were  sketched  and  over¬ 


lays  were  made  to  investigate  the  possibility  of  reducing  the  deck 
opening.  From  the  analysis,  it  was  determined  that,  with  thi  excep¬ 
tion  of  the  F-4  aircraft,  the  aircraft  weapon  station  patterns  were 
fairly  compact.  Therefore,  an  alternate  concept  was  generated  in 
which  the  F-4  can  be  rearmed  by  performing  the  loading  in  two 
passes.  During  the  first  pass,  the  aircraft  nose  gear  is  located  at 
the  normal  position  for  loading,  and  the  forward  weapon  stations  are 
loaded.  The  aircraft  is  then  moved  forward  a  id  the  aft  stations 


loaded. 


For  a  two-pass  loading  technique,  two  factors  determine 


the  deck  opening  si2e.  First,  the  station  must  be  large  enough  to 
load  the  forward  stations  of  the  F-4  and  all  the  stations  of  the  A-4, 
A-6  and  A-7.  Second,  the  opening  must  be  large  enough  to  load  !>;f> 
aft  F-4  weapon  stations. 


Figure  4  describes  the  weapon  station  locations  and  nomen¬ 
clature  for  the  F-4  aircraft.  In  order  to  determine  the  size  of  the 
deck  opening  for  two-pass  loading,  it  is  necessary  to  determine  the 
greatest  weapon  overhang  from  the  center  of  the  hooks  to  the  aft  end 
of  the  weapon.  For  two-pass  loading,  the  forward  stations  2,  4,  6 
and  8  will  be  loaded  with  the  nose  gear  at  the  normal  position  on  the 
nose  gear  bridge.  The  aircraft  will  then  be  moved  forward  until  the 
aft  stations  1,  3,  5,  7  and  9  can  be  loaded. 

The  largest  weapons  which  can  be  carried  on  the  F-4  are  as 

follows: 

Sta.  1  &  9:  3  MK  -79/TER  (95.  5**} 

6  MK-C2/MER  {96.0") 

Sta.  3,  4,  6  &  7:  SPARROW  only 

Sta.  2-  &  8:  2  MK-79/TER  (95.5") 

Sta.  5:  600  Gal.  Fuel  Tank  (Approx.  142") 

MK-4  Gun  Pod  (98.  4") 

6-MK-82  SNAKEYE/MER  (96.0") 

The  dimensions  given  are  measured  from  the  center  of  the  suspen¬ 
sion  lugs  to  the  aft  end  of  the  weapon. 

Of  the  other  aircraft  considered,  the  A -6  requires  the 
largest  deck  opening.  The  A -6  is  Capable  of  carrying  the  MK-4  gun 
pod  on  the  wing  and  centerline  stations  and  the  AERO  ID  Fuel  Tank 
on  all  stations.  To  load  t  teso  stores  will  require  the  greatest 
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lengthwise  deck  opei  ing.  Figure  5  and  6  show  the  envelopes  required 
for  loading  the  A-6  and  F-4  with  the  two-pass  technique.  The  A-6 
requirement  results  in  a  deck  opening  length  of  28'-9"  and  the  F-4 
requires  a  Zb ; -6"  length.  The  F-4  envelope  was  generated  by  deter¬ 
mining  the  longest  weapon  capable  of  being  carried  on  stations  2  and 
8,  and  then  moving  the  nose  gear  forward  until  both  fore  and  aft 
clearances  were  obtained  for  the  longest  weapon.  The  governing 
case  for  the  first-pass  F-4  loading  was  a  MK-79/TER  on  stations 
Z  3c  8,  and  lor  the  second  pass,  a  600-gallon  fuel  tank  on  the  center- 
line  station.  The  600-gallon  fuel  tank  is  approximately  260"  long 
with  an  overhang  of  142"  aft  of  the  center  of  the  suspension  hooks. 
This  store  establishes  both  the  fore  and  aft  clearance  requirements 
for  the  second  pass. 

The  deck  opening  for  the  A-6  was  established  from  the 
clearances  required  to  load  an  AERO  ID  Fuel  Tank  on  all  weapon 
stations. 

The  deck  opening  could  be  further  reduced  in  size  by  using 
the  following  procedure  for  rearming: 

•  Place  the  weapons  on  the  weapon  support  fixtures  and 
perform  alignment 

•  Move  the  loaded  weapons  support  fixtures  until  all 
weapon?  will  clear  the  deck  opening 
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•  After  the  elevator  is  raised  to  the  flight  deck  and  the 
weapons  have  cleared  the  deck  opening,  position  the 
weapons  support  fixtures  for  load.wg. 

Using  this  procedure,  the  deck  opening  would  have  to  be 
sized  for  the  maximum  length  weapon,  which  in  this  case  is  the  600- 
gallon  fuel  tank.  The  deck  opening  for  the  F-4  second  pass  loading 
has  been  sized  for  the  600-gallon  fuel  tank,  thus  a  deck  opening  of 
25'-6"  x  32'  could  be  acquired  by  using  this  procedure.  However, 
the  impav.  -»n  loading  time  for  additional  handling  and  moving  of  the 
weapons  support  lixtures  would  negate  the  small  savings  gained  in 
deck  space  For  the  baseline  reartning  station,  it  is  recommended 
that  a  two-pass  station  28' -9"  in  length  and  32'  wide,  be  used, 
b.  Weapons  Pallet  Requirements  and  Concepts 
(1)  General 

The  weapons  pallet  is  a  platform  used  to  support  and 
'trient  the  weapon  support  fixtures  on  the  rearming  station  ele¬ 
vator.  The  basic  function  of  the  pallet  is  to  accurately  locate 
the  weapons  on  the  elevator  to  achieve  proper  alignment  for 
mating  weapons,  lugs  and  aircraft  hooks  during  unit  ioading, 
and  to  conserve  time. 

The  weapons  pallet  can  be  visualized  as  analogous  tc 
an  ammunition  clip  used  in  automatic  rifles.  The  weapons  are 
arranged  on  the  pallet,  the  pallet  is  moved  onto  the  elevator, 


the  elevator  is  raised  and  the  weapons  latched  to  the  aircraft, 
much  the  same  as  the  individual  rounds  c  re  loaded  into  a  clip 
and  the  clip  inserted  uno  an  automatic  rifle. 

Two  basic  approaches  have  been  investigated  for  the 
weapons  pallet.  The  first  concept  investigated  consists  of  a 
"universal"  pallet,  that  is.  one  which  will  accommodate  all 

carrier-based  aircraft  considered  in  this  study  and  all  conven- 

% 

tional  weapons  carried  by  these  aircraft.  In  this  concept,  the 
pallet  is  a  platform  equipped  with  rail  systems  for  positioning 
the  weapon  support  fixtures  for  the  specific  aircraft  to  be  loaded. 
The  weapon  support  fixtures  are  used  for  all  aircraft  and  the 
pallet  is  configured  for  a  particular  aircraft  prior  to  loading  by 
positioning  the  fixtures  to  correspond  to  the  aircraft  EBR  pat¬ 
tern.  After  the  support  fixtures  are  positioned,  the  weapons  are 
adjusted  for  proper  vertical,  longitudinal,  lateral  and  angular 
alignment. 

With  this  concept,  only  one  pallet  is  required  per  load¬ 
ing  station,  although  two  would  be  desirable  from  the  standpoint 
of  time  savings.  If  two  pallets  were  provided  for  each  loading 
station,  the  positioning  and  alignment  of  one  pallet  could  be 
accomplished  concurrently  with  the  loading  of  the  aircraft  using 
a  second  pallet,  thus  reducing  dead  time  during  the  operation. 
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The  second  concept  consists  of  a  weapons  pallet  custom 
designed  for  each  aircraft  type  to  be  loaded.  For  this  concept, 
the  pallet  is  equipped  with  support  pads  and  support  fixtures 
mounted  on  the  pallet  at  the  proper  longitudinal  and  transverse 
locations  to  match  the  pylon  locations  of  the  specific  aircraft  to 
be  loaded.  The  height  of  the  support  pads  are  pre-determined 
to  enable  loading  each  aircraft  station  with  a  minimum  vertical 
travel.  The  minor  adjustments  are  provided  for  iu  the  support 
fixtures,  which  are  permanently  attached  to  the  support  pads. 

A  minimum  of  one  pallet  for  each  aircraft  type  will  be  required 
with  this  concept,  although  two  would  be  desirable  to  conserve 
time.  The  size  of  the  pallet  for  each  aircraft  would  vary  since 
the  weapon  station  patterns  are  different  for  each  aircraft.  With 
the  exception  of  the  F-4  aircraft,  a  pallet  approximately  16  x  28 
feet  could  be  used  to  load  all  aircraft  considered.  The  F-4  will 


require  a  pallet  approximately  28  x  28  feet. 

Either  concept  is  capable  of  handling  weapon  skids  pre- 
loaded  with  MER,  TER  or  single  weapons.  As  can  be  seen  from 
figures  7  and  8j  the  A-4,  A -6  and  .4-7  aircraft  stations  have  a 
fairly  compact  pattern,  but  the  F-4  station  pattern  requires  ap¬ 
proximately  twice  the  area  as  the  other  aircraft. 

The  weapons  pallet  area  requirements  were  determined 
by  preparing  layouts  of  each  aircraft  weapon  station  pattern  on 
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transparencies  and  overlaying  these  to  establish  the  configura¬ 
tion  for  a  universal  pallet  for  all  aircraft.  Figure  7  illustrates 
the  resulting  pallet  dimensions  and  weapon  station  patterns  for 
the  A -4,  A -6  and  F-4  aircraft,  and  figure  8  depicts  the  A -7  wea¬ 
pon  station  pattern.  The  A-7  aircraft  presents  special  pallet  re¬ 
quirements  due  to  the  interference  between  the  inboard  wing  sta¬ 
tions  and  the  main  landing  gear  wheel. 

(2)  Pallet  Concepts  for  A-4,  A-6  and  F-4  Aircraft 

In  developing  concepts  for  the  weapons  pallet,  two  ap¬ 
proaches  were  taken.  First,  to  develop  a  ui.'versal  pallet  con¬ 
figuration  which  would  accommodate  all  aircraft,  and,  second, 
to  develop  a  specialized  pallet  for  each  aircraft  type.  Since  the 
A-7  presented  the  most  problems  in  the  pallet  design  {caused  by 
interference  between  the  main  landing  gear  and  the  inboard  wing 
station),  it  was  decided  to  first  develop  the  A-7  pallet  and  at¬ 
tempt  to  adapt  this  pallet  to  other  aircraft.  As  it  turned  out, 
this  was  a  wise  choice,  since  it  resulted  in  the  development  of 
a  universal  pallet  system  which  is  capable  of  loading  all  aircraft 
including  the  A-7,  without  resorting  to  specialized  equipment. 

The  development  of  the  A-7  pallet  is  discussed  in  a 
later  section  of  this  report.  This  section  will  discuss  the  pallet 
for  the  A-4,  A-6,  and  F-4  aircraft. 


In  Figure  7,  the  aircraft  weapon  station  locations  and 
capacities  are  shown  superimposed  on  the  weapons  pallet.  Each 
shaded  rectangular  block  represents  an  initially  sized  3’  x  5' 
weapon  support  fixture,  the  center  of  which,  corresponds  to  the 
center  of  the  ejector  bomb  rack  hooks.  As  can  be  seen,  the 
weapons  stations  form  a  fairly  compact  pattern,  except  for  the 
F-4  aircraft.  If  the  weapons  pallet  is  designed  as  two  sections, 
one  for  loading  the  A-4,  A-6  and  forward  F-4  stations,  and  the 
other  for  the  remaining  aft  F-4  stations,  the  size  of  the  pallet 
and  elevator  can  be  greatly  reduced.  This,  however,  results 
in  two  choio  for  loading  the  F-4.  Either  two  elevators  are 
provided  (one  for  forward  pallet  section  and  one  foi  aft  pallet 

section)  to  load  tl.a  F-4,  or  one  elevator  is  used  to  raise  both 

f/ 

pallet  sections.  For  redundancy,  it  would  be  more  advantageous 
to  provide  two  elevators,  one  for  each  pallet  section,  so  that  o. 
back-up  system  would  be  provided.  For  example,  in  the  event 
of  failure  of  the  forward  elevator,  the  A-4  and  A-6  could  stil!  be 
loaded  by  positioning  the  ..ose  gear  bridge  such  that  the  aft  pallet 
section  could  be  used  instead  of  the  forward  section  and  the  F-4 
could  be  loaded  by  making  two  passes.  The  two  passes  would 
consist  of  locating  the  nose  gear  bridge  aft  of  the  normal  posi¬ 
tion  so  that  the  forward  stations  could  be  loaded  with  the  aft 
pallet  elevator,  moving  the  aircraft  forward  to  the  normal  nose 
gear  position  and  loading  the  af»  stations. 
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The  weapons  pallet  will  require  a  minimum  of  5  mov¬ 
able  platforms  per  section  to  enable  loading  of  the  A -4,  A -6  and 
F-4.  All  pallet  platforms  must  be  capable  of  moving  in  a  longi¬ 
tudinal  and  lateral  direction,  if  a  two-section  pallet  is  used  and 
if  redundancy  is  desired. 

The  lateral  and  longitudinal  positioning  of  the  weapon/ 
skid  platforms  Is  obtained  by  utilizing  a  system  of  low  friction 
ball  bushings  and  rails.  The  layout  of  the  rails  to  provide  the 
necessary  adjustment  of  the  platforms  to  load  each  aircraft  and 
to  move  the  weapons  pallet  on  and  off  the  elevator  is  shown  in 
figure  9.  The  platform  location  for  loading  the  A-6  aircraft  is 
shown.  To  load  any  other  aircraft,  the  platforms  are  moved 
longitudinally  and  laterally  until  they  correspond  to  the  aircraft 
station  locations.  Figure  10  is  a  view  of  Section  A-A  from  Fig¬ 
ure  9  and  illustrates  the  rail  system  which  provides  the  adjust¬ 
ment  capability. 

The  bail  bushings  and  rails  are  items  currently  avail¬ 
able  on  the  market  and  have  proven  performance  and  reliability. 
The  rail  and  bail  bushings  for  the  weapons  pallet  have  been  pre¬ 
liminarily  sized  based  on  a  italic  analysis  only  (no  shock  load¬ 
ing)  and  weight  estimates  made  in  the  appendix  of  this  report. 
The  use  of  air  bearings  and  guide  rails  as  an  alternate  for  sup¬ 
porting  and  moving  the  we  ipons  pallet  is  presented  in  Section 


*T-  '  **  *:  ~t>^ 


j>jfl 

1% 

1 

i 

* 


>^t3 

•*7«| 


rfPWox.  S-&  '  - 


y-  77>-v- y- 

^r/^7 
7  "vr" 1//; 


7,  ^ex/estmc,  y>y^/~/o^  &*/<-  -T/x/tfA/ 


^  V-  O'E£cT/0aS 
We*}po  +s  <svf>p&ejr 
f/X7VJZ&  MJLS 
Ys  rjfx.  rcrfrr&m) 

SP4Ct*/&  :  /  / 

sce*4T*  :  /4- 


-fwD 


/ — /f4A&-vP  /tee*/ 

££4*tY/*c,  Sr*r'0** 

sutm/vk 

sPAct**<*  :  2* 

/.£/s$r*  :  4&'(4pntox) 
fatSfC/Ate 
ST/IT' o*i  ) 

Y~D/X€CT/C>*J 

*je*iP0+j 

^7V<*^  ^ 

sp*  c.tA/4  :  3/ 

JUEMQT#  .*  ^7  Y*PP*ox') 


43 


(3)  Analysis  of  Specialized  Ordnance  Pallet  for  A -7  Aircraft 

The  results  of  an  analysis  to  define  a  specialized  ord¬ 
nance  pallet  for  the  A -7  aircraft  are  presented  in  this  section. 
The  objectives  of  this  task  were  to: 

•  Determine  the  best  method  for  loading  the  A- 7  in¬ 
board  stations  where  the  main  landing  gear  inter¬ 
feres  with  weapons  loading. 

•  Generate  data  for  developing  either  a  universal 
pallet  configuration  which  would  accommodate  all 
aircraft,  or  a  specialized  pallet  for  each  type 
aircraft. 

Figure  11  is  a  sketch  of  the  ordnance  pallet  which 
evolved  from  the  analysis  of  an  A -7  ordnance  pallet.  The  upper 
left  corner  illustrates  the  technique  used  to  avoid  interference 
between  the  A -7  landing  gear  and  the  inboard  station  weapons. 

The  two  outboard  sections  of  the  pallet  are  mobile  weapons  plat¬ 
forms  which  move  outward  for  raising  to  deck  level  and  are 
moved  inward  when  the  weapon  station  elevator  is  in  the  full  up 
position.  Maximum  lift  for  the  weapons  stations  were  based 
upon  the  highest  and  lowest  skid/weapon  combination  for  the  A.-7. 
The  maximum  lift  requirement  is  approximately  3  feet. 

The  3i'-9"  width  required  for  the  A-7  aircraft  pallet  is 
combined  with  the  approximate  16*  length  required  for  the  A  -  4 , 
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A -6  and  F-=4  aircraft  pallet  to  obtain  the  size  of  the  baseline 
concept  pallet  (il  1/21  x  16  1/21). 

From  the  analysis,  it  was  determined  that: 

•  Lateral  movement  of  a  cantilevered  weapon  as 
shown  in  Figure  1 1  is  a  good,  straight  forward 
technique  for  loading  the  A-7  inboard  stations. 

•  The  pallet  make-up  requirements  strongly  impact 
ordnance  pallet  design.  For  example,  maximum 
weapon  lift  distance  is  Increased  because  of  the 
requirement  for  roiling  the  weapon  skid  onto  the 
weapon  support  fixture  at  the  loading  ramp  in  the 
make-up  area. 

•  The  weapon  support  fixtures  should  have  the  capa¬ 
bility  of  moving  to  the  loading  ramp  for  maximum 
flexibility. 

•  The  specialized  ordnance  pallet  will  be  almost  as 
complex  as  the  universal  pallet.  The  specialized 
ordnance  pallets  would  use  critical  storage  space 
on  the  03  level. 

•  A  baseline  concept,  which  will  serve  as  a  univer¬ 
sal  ordnance  pallet,  can  be  developed  using  the 
techniques  for  the  specialized  ordnance  pallet. 
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(4)  Alternate  Concept  for  Weapons  Pallet  Support  and 


Movement 


The  weapons  pallet  is  supported  and  moved  from  the 
rnake-up  area  to  the  rearming  elevator  by  means  of  low  friction 
ball  bushings  and  rails.  The  ball  bushing- rail  system  offer"  a 
very  low  coefficient  of  friction  (0.  001 1  -0.  0027)  and  restraint  in 
six  degrees  of  freedom;  however,  the  system  weight  is  signifi¬ 
cant.  Since  the  bushing  and  rail  weight  is  directly  related  to 
bushing  life,  the  distance  traversed  from  the  make-up  area  to 
the  rearming  elevator  (43  feet)  places  a  serious  requirement  on 
the  rail  system.  In  order  to  reduce  the  system  weight,  an  alter¬ 
nate  concept  will  be  investigated  for  supporting  and  moving  the 
weapons  pallet. 

The  baseline  weapons  pallet  is  approximately  !o  feet 
x  32  feet  in  size  and  supports  approximately  32,00'-  A 

breakdown  of  the  loads  supported  by  the  pallet  is  shown  in  fig¬ 
ure  12.  The  pallet  must  move  from  the  make-up  area  to  the  re¬ 
arming  station  elevator  and  back  to  the  make-up  area  each  time 
an  aircraft  is  loaded  (assuming  one  make-up  area).  Inc  pallet 
must  be  under  complete  control  at  all  times  during  Ihi?  transit. 

One  method  o',  moving  and  supporting  the  pallet  is  by 
air  bearing  platforms.  The  material  handling  industry  uses  air 
bearing  platforms  to  enab.e  one  man  to  move  loads  of  several 
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thousand  pounds  over  relatively  smooth  and  level  surfaces.  A 
typical  coefficient  of  friction  for  smooth  surfaces  is  0.001  or 
less,  which  is  comparable  to  the  ball  bushing-rail  system.  Air 
bearing  platforms  are  made  up  of  one  or  more  modules  to  pro¬ 
vide  a  wide  range  of  load  capacities  and  air  pressure  and  flow 
requirements.  Modules  are  available  in  standard  sizes  from  12" 
to  48”  in  diameter  and  load  capacities  from  2000-40,000  lbs. 

For  the  weapons  pallet  movement,  a  concept  such  as 
shown  in  figure  13  is  envisioned.  The  pallet  platform  is  sup¬ 
ported  by  8  modules,  each  capable  of  up  to  40,300  lbs.  For 
moving  the  total  weight  of  52,000-lbs,  eight  modules  (standard 
hardware  item,  commercially  available)  of  7000-lbs  capacity 
would  suffice.  A  7000-lb  capacity  module  requires  an  air  flow 
of  5-30  CFM  at  a  25  psig  pressure,  weighs  18  lbs  and  is  21"  in 
diameter.  To  provide  for  growth  or  to  allow  for  overload  factors, 
the  modules  may  be  uprated  by  using  the  next  larger  commer¬ 
cially  available  module  size  as  shown  in  table  2  below. 

Figure  13  illustrates  a  pallet  supported  by  a  8-48"  diam¬ 
eter  modules.  This  provides  a  great  amount  of  growth  and  safety 
factor  and  the  modules  can  be  operated  at  lower  pressures  to 
accommodate  lower  load.  Figure  14  is  a  graph  of  air  bearing 
pressure  vs.  load  capacity  for  a  48"  diameter  bearing.  To  sup¬ 
port  the  52,000  lbs  pallet  load  would  require  an  operating  pres¬ 
sure  of  3.  5  psi  in  each  of  the  8  modules. 
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Plato  Thickness 
Lift 


The  air  bearing  modules  under  the  weapons  pallet  sup¬ 
port  the  pallet  so  that  it  can  be  easily  moved.  Approximately 
57  lbs.  would  be  required  to  move  the  52,000  lbs  over  a  smooth 
and  level  surface.  This  value  will  increase  for  movement  over 
rough  surfaces,  but  one  man  should  be  able  to  provide  the  nec¬ 
essary  motive  force  on  level  surfaces.  On  a  pitching  and  rolling 
ship  the  required  force  will  be  much  greater.  Rough  or  dirty 
surfaces  can  be  covered  with  plastic  sheets  to  reduce  the  fric¬ 
tional  resist.,  nee. 

In  figure  13,  control  of  the  pallet  is  maintained  by  the 
two  guide  rails  extending  tne  length  of  the  make-up  area  and  re¬ 
arming  elevator.  The  rails  also  provide  a  positioning  index  for 
the  weapons  pal!et  on  the  elevator.  The  air  bearing  modules 
are  pressurized  only  during  movement  and  positioning.  When 
the  pallet  is  stationary,  the  air  flow  is  cut  off,  causing  the 
pallet  to  rest  on  the  module's  center  landing  p;.^s. 
c.  "t  eapon  Support  Fixture  Requirements 

The  unit  load  rearming  station  must  be  capable  of  loading 
a  wide  range  of  weapons  and  aircraft.  For  this  study,  the  A-4,  A-6, 
A-7  and  F-4  aircraft  are  considered  since  they  are  representative 
of  the  type  carrier-based  aircraft  presently  in  ►.he  flout.  These 
aircraft  represent  various  .ntc-re  heights  and  angles  which  the  unit 
loader  must  be  cap,/  '  of  providing.  In  table  3  below,  the  a;rcraft 
weapon  siure  heights  and  pitch  angle.*  are  listed. 
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In  addition  to  the  requirements  generated  for  loading  the 
lowest  and  highest  aircraft  station  at  the  maximum  and  minimum  store 
angles,  it  is  also  necessary  to  consider  the  lowest  and  highest  ready 
service  weapon/skid  configuration.  The  maximum  and  minimum 
travel  of  the  weapons  support  fixture  must  be  such  that  the  lowest 
ready  service  weapon/skid  can  be  loaded  on  the  highest  aircraft 
station  and  the  highest  ready  service  weapon/skiri  can  be  loaded  on 
the  lowest  aircraft  station.  The  lug  heights  of  various  ready  ser¬ 
vice  weapons  ."skids  have  been  tabulated  in  table  4,  from  reference 
10.  From  the  table,  it  is  seen  that  the  largest  lug  height  occurs 
with  an  AERO  21A  3kid  loaded  with  a  TER  and  CBU-2A/A  weapons 
and  the  lowest  lug  height  is  for  a-  single  MK  44  or  46  torp-'do  and  an 
AERO  21A  skid.  These  weapon  configurations  combined  with  the 
aircraft  station  heights  determine  the  limits  of  travel  required  by 
the  weapon  support  fixture.  In  figure  15,  this  data  has  been  con¬ 
densed  and  presented  graphically.  Notice  that  the  governing  weapon/ 
skid  height  is  not  for  the  CBU  2A/A-TER  but  a  LAU-3A /A-TER, 
since  the  F-4  cannot  carry  the  CBU  2A/A-TEP.  on  the  lowest  station. 

From  figu.e  15,  it  is  concluded  that  in  order  to  load  the 
highest  and  lowest  ah  .raft  stations  (A-6  and  F-4  respectively),  a 
maximum  vertical  travel  of  60.48"  is  required.  Since  the  aircraft 
main  landing  gear  support  beams  are  estimated  to  be  approximately 
48"  in  depth,  this  dimension  determines  the  location  of  the  top  of  the 


56 


TABLE  4  WEAPONS  IN  READY  SERVICE  CONFIGURATION 


WEAPON/SUSPENSION 

EQUIPMENT 

UK-81,  MER 

MK-81,  MER 

MK-81,  TER 

MK-81,  TER 

MK-82,  MER 

MK-S2,  MER 

MK-82,  TER 

MK-82,  TER 

CBU-2A/A,  TER 

IAU-3A/A,  TER 

HOCKEYS  R,  MER 

ROCKEYE  n,  TER 

WALLEYE 

PHOENIX 

MK  44  MODS  0  &  1 

MK  46  MOD  0  TORPEDO 

BULLPUPAGM-12C.12C4 

LAU  69/A,  TER 
MK  4  MOD  0  GUN  POD 
STANDARD  ARM  MOD  0 
LAU-10A,  TER 
MK  12  MOD  0  CHEM.TANI 


HANDLING  | 
EQUIPMENT 


SKID 

ADAPTERS 


LUG  HEIGHT]  WEIGHT, 
INCHES  1  POUNDS 


C.G. 

LOCA' 


AER0  21A  AER0  63A,  63A-1 

AERO  73A,  ?4A,  75A 
AERO  63A,  63A-1 
AERO  73A,  74A 
AERO  63A,  63A-1 
AERO  73A,  74A,  7SA 
AER0  63A,  63A-1 
AERO  73A,  V4A 
AERO  73A,  74A 
AERD73A,  74A 
AERO  73A,  74A,  75A 
AERO  73A,  74A 
AERO  64  &  LOWER  58A 
AERO  89A  b  LOWER  58A 
LOWER  AERO  58A 
LOWER  AERO  S8A 
LOWER  AERO  58A 


AERO  73A,  74A 
AERO  58A  LOWER 
N  /  SPECIAL  ADAPTER 
AERO  21 A  AER0  73A,  74A 
AERO  12Sfc  AERO  64B 


IMK 12  MOD  0  CHEM.  TANK!  AERO  21A  lAERO  58A  LOWER 


IK  77  MOD 4  FIRE  BOMB  AERO  12 


IERO  64  B 


MK  83  LOW  DRAG 
CBU  2A/A 
LAU-69/A 
MK  84  LOW  DRAG 
ROCKEYE  II 
CBU-24B-29B 


AERO  21A  AERO  58A  LOWER 
AERO  2IA  AERO  58A  LOWER 
AERO  12B  AERO  64B 
AERO  21A  AERO  5SA  LOWER 
AERO  21A  AERO  58A  LOWER 
AERO  21A  AERO  58A  LOWER 


36.31 
45.47 
36. 50 


47.38 

39.00 

46.31 

51.64 

50.48 

50.06 

48.96 

30.75 

28.50 

25.92 

25.92 

33.95 


51.52 
36.29 
32.70 
48.80 
27. 00 


26.80 


MK  77MOD4  FIRE  BOMB  AERO  21A  LAERO  58A  LOWER  &  64A  [  33. 70 


31.30 


26.  81 
28.33 
29. 25 
31.12 
26. 00 
28.94 


2463. 8 

o021. 0 

1328.5 
1568r0 

4917. 8 
4575.0 

2108.5 
2349.0 
3249.0 
1916. 7 
4071.0 
2097. 0 
1343. 7. 
1315.0 

681.0 

748.0 

C-  1987.9 
C-2-  2001.0 

I 

2188.5 
1638.0 

1726.6 
2268.0 


1147  (BI 

1&5(CU 

is 

246  (BI 

248  (Cl 


1233.0 

1108.0 

718.5 

2218.0 

724.0 

1078.0 
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TABLE  4  WEAPONS  IN  BEADY  SERVICE  CONFIGURATION 


HANDLING  1 
EQUIPMENT 


SKID 

ADAPTEFS 


AEK0  21A  AER0  63A,  63A-1 

AERO  73A,  74A,  75A 
AERO  63A,  63A-1 
AERO  73A,  74A 
AER0  63A,  63A-1 
AERO  73A,  74 A,  75A 
AERO  63A,  63A-1 

■ 

AERO  73A,  74A 
AERO  73 A,  74A 
AERO  73A.  74A 
AERO  73A,  74A,  7SA 
AER0  73A,  74A 
AERO  64  &  LOWER  58A 
AERO  89A  <c  LOWER  58A 
LOWER  AERO  S8A 
LOWER  AERO  S8A 
LOWER  AERO  58A 

AERO  73A,  74A 
AERO  58A  LOWER 
>  f  SPECIAL  ADAPTER 
AERO  21A  AER0  73A,  74A 
AERO  12B£  AER0  64B 

AERO  2 1A  AERO  58A  LOWER 

AERO  21A  AERO  58A  LOWER  4c  64A 
AER012BC  AER0  64B 

AERO  21A  AERO  58A  LOWER 
AERO  21A  AERO  58A  LOWER 
AERO  12  B  AER0  64B 
AERO  21A  AERO  5  LA  LOWER 
AERO  21A  AERO  &8A  LOWER 
AERC  2 LA  lAERO  58A  LOWER 


INCHES 

36.31 

45.47 

36. 50 
44.0 
38.0 
47.38 
39.00 

46.31 
51.64 

50.48 
50.06 
48.96 
30.75 

28.50 
25. 92 
25. 92 
33.95 

51.52 

36.29 

32.70 
48.  80 
27. 00 

26.  80 

33. 70 

31.30 

26. 81 
28.33 
29.25 
3i.  12 
26.00 
28.94 


WEIGHT, 
POUNDS  | 

C.G.  * 
LOCATION 

NOTES 

2463.8 

25, 32 

♦C.G.  LOCATED 

3021. 0 

29.39 

FROM  £  OF 

FWD  WHEEL 

1328.5 

24. 75 

OF  SKID 

1568. 0 

24. 12 

4017. 8 

25. 21 

4575. 0 

29.54 

2108.5 

24.48 

2349.0 

17. 61 

3249. 0 

17.28 

1916. 7 

24.22 

4071.0 

28.53 

2097. 0 

17. 80 

1343. 1 

24.51 

1 

1315.0 

24.90 

RAIL  LAUNCHED 

681.0 

19.41 

748.0 

20.  81 

C  -  1987. 9 
C-2- 2001.0 

2188.5 
1638. 0 

1726.6 
°268. 0 


1233.0 
1108.0 
718.5 
2218. 0 
724.0 
1078.0 


18.22 

17.04 

15.52 

23,24 

24.38 

147  (BALLS) 
ia5(CLUS. ) 

246  (BALLS) 
248  (CLUS. ) 

26.90 
14.3  | 

23.84 


RAIL  LAUNCHED 


jPAlL  LAUNCHED 

C.G.  F.-..OM  FWD 
END  OF  SKID 


C.G.  FROM  FWD 
END  OF  SKID 


we?  pons  pallet.  This  allows  34"  between  the  top  of  the  lift  table  and 


the  top  of  the  weapons  pallet  available  for  the  weapons  support  fix¬ 
ture. 

The  travel  requirements  for  the  weapons  support  fixture 
(WSF)  will  be  as  follows: 

m 

*  Vertical - +60.48" 

o  Longitudinal - 4  4.  V* 

o  Lateral - +2.  0" 

*  Pitch - +  10°  (nose  up) 

-7°  (nose  down) 

o  Yaw . -+2  1/2° 

**  Roll . +7° 

DATA  SOURCE 
*  Reference  8 

o  Engineering  judgment  based 
on  available  data 

Reference  11 

The  values  for  pitch,  roll  and  yaw  include  an  estimated 
allowance  for  such  variables  as  tire  pressure,  fuel  load,  manufac¬ 
turing  tolerances,  etc. 

The  weapons  support  fixture  must  have  a  capacity  of  at 
least  4575.0  lbs.  to  load  the  heaviest  ready  service  configuration 
weapon/skid,  which  is  6-MK-82/MER  on  an  AERO  2IA  skid. 


6  V 


C.  ANALYSIS  OF  STRIKE-UP  AND  WEAPONS  PALLET  MAKE-UP 
CONCEPTS 
l.  Introduction 

The  objective  of  this  analysis  is  to  investigate  the: 

•  Requirements  of  ordnance  .  :rike-up  from  the  magazine 
area  to  the  pallet  make-up  area 

•  Requirements  for  weapons  pallet  make-up 

•  Most  desirable  configuration  of  the  make-up  area  and  best 
method  of  feeding  the  rearming  station. 

Conventional  weapons  flow  from  the  weapons  magazine  tc  the 
aircraft  rearming  areas  is  discussed  below  for  the  existing  "manual 
loading"  operation.  The  impact  of  the  rearming  station  on  existing 
weapon  flow  processes  are  outlined  in  a  following  section, 

L.  W-apons  Flow-  Existing  System 


Weapon 

Magazine 


Assembly 
A rCO** 


Temporary  j 
Sto».  ige  t- 
Areas  I 


Ready 

Service 

Magazines 


Aircraft  Rearming 
Areas 


a.  Weapon  Magazine 

The  total  weapons  inventory  is  generally  divided  into  at 
least  two  complexes,  one  forward  and  one  aft,  for  duplicati  i  in 
event  of  damage  or  malfunction.  This  separation  also  provides  mul¬ 
tiple  paths  for  loading  weapons  during  strike-down  and  strike-up. 
Separate  magazines  are  provided  for  different  weapons  types  to 
assist  in  selecting  weapons  for  different  weapon  mixes  for  different 
strike  operations.  Weapons  of  different  levels  of  risk  are  stowed 
separately  to  hold  down  the  risk  level  and  the  protective  features 
required  for  the  low  risk  weapons.  Certain  weapons  require  detec¬ 
tion  systems,  high  capacity  blow-out  ventilation,  personnel  showers, 
and  special  environmental  condit:  ns.  Certain  pyrotechnics,  which 
are  difficult  to  extinguir.n  once  ignited,  must  be  stowed  in  areas 
where  minimum  effect  on  vital  ship  areas  will  result  from  their 
inadvertent  ignition. 

The  modular  stowage  system  is  used  in  carriers  to  facili¬ 
tate  ime rchangeability  of  weapons  in  the  magazines.  This  system 
consists  of  a  deck  and  overhead  grid  system  and  stanchions  which 
car.  be  arranged  by  ship's  work  force  to  accommodate  a  wide 
variety  of  weapons  either  bare  or  in  pallets.  The  dunnage  stowage 
system  is  an  outgrowth  of  the  modular  system  and  consists  of  deck 
and  overhead  grids  and  stanchions  for  stowage  of  a  wide  variety 
of  weapons  in  pallets,  cradles  and  containers 


b.  Assembly  Area 

Bomb  assembly  is  performed  on  an  assembly-line  type 
roller  conveyor  table.  Bombs  are  lifted  onto  one  end  of  the  con¬ 
veyor  by  a  power  operated  hoist,  and  rolled  past  specialized  oper¬ 
ators  who  fit  tails,  fuzes,  booster  and  arming  mechanisms,  using 
powered  tools.  Assembled  bombs  are  lifted  off  the  terminal  end  of 
the  conveyor  by  a  powered  hoist  and  placed  on  a  skid  in  an  arrange¬ 
ment  where  they  are  prepositioned  for  installation  on  a  multiple 
bomb  rack. 

Missiles  are  delivered  to  the  carrier  fuily  assembled  in 
cradles.  These  cradles  contain  one  or  more  missiles  which  has 
been  completely  checked  ana  is  ready  for  breakout  and  loading  onto 
the  aircraft. 

c.  Temporary  Storage  Areas 

Prior  to  the  first  aircraft  launch,  the  assembled  bombs 
and  missiles  are  moved  to  the  hangar  and  flight  decks  and  stowed 
in  aval  tab  lb  areas  in  preparation  for  ioading  on  the  aircraft.  Usu¬ 
ally  the  area  on  the  starboard  side  of  the  island  is  used  to  temporar¬ 
ily  stow  ready  weapons  on  the  flight  deck  for  the  first  launches.  I  he 
hangar  deck  is  used  to  stow  the  remainder. 

d.  Ready  Service  Magazines 

The  ready  service  magazines  are  used  to  stow  completely 
assembled  and  checked  weapons.  Also,  preloaded  multiple  bomb 
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racics  are  stowed  in  *his  area.  The  ready  service  magazines  will 
accommodate  enough  p-eassembled  weapons  for  emergency  meas¬ 
ures  and  the  magazine  is  then  replenished  during  siack  in  opera¬ 
tions.  This  area  acts  as  a  sort  of  reserve  from  which  ready  wea¬ 
pons  may  be  drawn. 

e.  Aircraft  Rearming  Areas 

The-  aircraft  are  loaded  on  the  flight  deck  In  areas  desig¬ 
nated  as  "safe  for  rearming.  "  Weapons  loading  is  performer",  for 
the  most  part,  manually. 

3.  Weapons  Flow  with  Rearming  Station 

Weapons  flow  from  the  magazine  areas  to  the  main  deck  would 
not  have  to  be  changed  in  order  to  incorporate  and  utilize  the  baseline 
rearming  system.  Weapons  could  move  from  the  lower  decks  of  the 
ship  by  conventional  methods  and  routes  to  the  main  deck  level.  From 
the  main  deck  weapons  on  skids  move  along  conventional  routes  until 
they  are  just  below  the  weapons  rearming  station  as  illustrated  in  figure 
lb.  From  below  the  rearming  station  the  weapons  are  shuttled  to  the 
weapons  pallet  make-up  areas  by  high  speed  upper  stage  (U.S.)  elevators 
The  movement  of  bomb  smids,  weapons,  bomb  trucks,  hoisting 
and  handling  equipment  arc  eliminated  on  the  flight  deck  with  the  unit 
load  rearming  station.  Consequently,  flight  deck  congestion  and  safety 
hazards  are  reduced. 
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FIGURE  16  GENERAL  WEAPONS  ON  SKIDS  FLOW  TO 
WEAPONS  REARMING  STATION 


-V' 


Ordnance  make-up  is  accomplished  In  a  below  dock  environment 
on  an  assembly  line  technique  with  the  rearming  station.  The  ordnance 
flow  through  the  rearming  station  is  standardized  for  maximum  opera¬ 
tional  efficiency.  Tha  rearming  station  relies  upon  machine  power 
rather  than  "muscle  power"  to  load  bombs  aboard  planes.  Sensors,  con¬ 
trol  systems  and  feedbacks  are  coupled  with  human  flexibility  and  skills 
to  accomplish  ordnance  loading. 

4.  Applicability  to  Improved  Strike- Up  Systems 

Various  systems  have  been  proposed  by  the  Navy  for  improving 
the  weapon  storage  and  strike-up  capability.  For  example  me  mecha¬ 
nized  weapons  handling  system  planned  for  the  USS  Kennedy,  CVA-67 
wilt  greatly  improve  weapon  strike- up  capability  and  reduce  manpower. 
This  system  encompasses:  conveyors  for  loading  upper  stage  elevators, 
an  across -the -deck  shuttle  for  t/ar.sf  rrir.g  weapons  from  the  lower  stage 
(I_. S.)elevators  to  upper  stage  elevators  and  computerized  controls. 
Analysis  indicates  that  the  unit  load  rearming  station  could  easily  be 
interfaced  with  the  mechanized  weapons  handling  system.  In  fact,  sys¬ 
tems  for  faster  and  more  efficient  weapon  strike-up  to  the  main  deck 
would  assist  in  utilizing  the  full  capability  of  the  rearming  station. 

The  rearming  station  will  also  assist  in  standardization  and  con¬ 
solidation  of  weapon  handling  hardware.  For  example,  the  A/M  32K-5(V) 
Munitions  Handling  Set  (reference  13)  now  being  developed  to  replace  a 
number  of  weapon  skids /adupte rs ,  can  easily  be  used  w'tft  the  rearming 

65 


station.  Weapons  flow  from  the  magazines  will  be  more  systematic  thus 
allowing  better  use  of  special  tools  and  assembly  line  techniques. 

5.  Strike-Up  Requirements  -  Parametric 

Parametric  data  on  ordnance  strike-up  to  supply  the  unit  load 
rearming  station  to  achieve  various  rearming  rates  are  shown  in  figures 
17  t  rough  20.  These  curves  relate  aircraft  loading  rates,  weapon  pay¬ 
loads,  and  strike-up  rates;  strike-up  rates  and  ordnance  elevator  cycling 
rates;  strike-up  rates  and  pieces  of  ordnance  handled. 

Figure  17  can  be  used  for  determining  the  strike-up  rate  require- 
meats  from  the  weapons  magazine  to  the  main  deck  or  the  strike-up  rate 
requirement  through  the  rearming  station.  For  example,  the  strike -up 
rate  from  the  main  deck  for  loading  one  A-7  aircraft  each  3.  5  minutes 
with  16,000  pounds  of  ordnance  is  2.  3  tons  per  n  te.  Operational 
analysis  of  the  baseline  rearming  station  (Section  V.E. )  indicates  that 
one  rearming  station  has  the  capability  of  loading  from  2.0  to  3.0  tons 
per  minute.  Consequently,  nominal  strike-up  rates  of  2.0  to  3.0  tons 
per  minute  will  be  required  unless  weapons /skids  are  stored  on  the 
hangar  deck.  Technical  inforaia  tion  indicates  that  conventional  CVA 
strike-up  systems  can  accomplish  from  one  to  two  and  a  half  tons  of 
ordnance  per  minute.  Therefore,  improved  strike-up  systems  will  be 
necessary  to  utilize  the  full  capability  of  one  or  two  baseline  rearming 
stations. 
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GOAL  FOR  FUTURE 
STRIKE'UF  RATE, 


REQUIRED  STRlKE-UP  RAT; 


ORDNANCE  LOADING  RATE  (AIRCRAFT /HOUR) 


ELEVATOR  AVERAGE  CYCLE  RATES  ARE 
ASSUMED  TO  BE  EQUAL  WITH  NO  STORAGE 
OF  ORDNANCE  ON  HANGAR  DECK  LEVEL 


f  7,000  LBS/CYCLE 

(2  ELEVATORS  W /  3500  LBS/LOAD) 

V  14,000  LBS/ CYCLE 

(4  ELEVATORS  W/  3500  LBS  LOAD) 

©  21,000  LBS/CYCLE 

(7  ELEVATORS  W/  3000  LES  LOAD) 


FIGURE  20.  REQUIRED  ELEVATOR  CYCLE  RATE  VERSUS  STRIKE- UP  QUANTITY 
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The  average  elevator  cycle  rate  capability  is  a  primary  vari¬ 
able  in  conventional  strike-up  systems.  The  average  elevator  cycle  rate 
is  limited  by  inherent  design  features  such  as  elevator  loading  rate,  e'.e- 
vator  speed,  communication  networks  and  safety  interlocks  and  elevator 
unloading  rate.  Figure  18  presents  the  necessary,  a /eragc  elevator  cycle 
time  for  various  strike-up  weight  capability  and  strike-up  rate  require¬ 
ments.  For  example,  a  required  strike-up  rate  of  2.3  tons  per  minute 
using  two  elevators  with  a  10,500  pound  capacity  each  requires  an  aver¬ 
age  elevator  cycle  time  of  4.  6  minutes  per  cycle. 

Required  elevator  cycle  rate  to  feed  the  reaming  station  !s 
constrained  by  the  elevator  volume  as  well  as  elevator  weight  capacity. 
Figures  19  and  20  can  be  used  to  approximate  the  required  elevator 
cycle  time  based  upon  elevator  volume  constraint,  For  example:  a  re¬ 
quired  strike-up  rate  of  2.3  tons  per  minute  of  ordnance  which  averages 
750  pounds  per  piece  results  in  6.  2  pie.  :  per  minute  strike-up  require¬ 
ment  (figure  19).  From  figure  20,  a  6.  2  pieces  per  minute  strike-up 
requirement,  using  two  elevators  with  a  combined;  35  pieces/cycle  capa¬ 
bility.  results  in  a  required  elevator  cycle  each  5.  6  minutes  average. 

6.  Ordnance  Pallet  Make-Up  Requirements 

Ordnance  pallet  make-up  consists  of  placing  and  securing  the 
weapons  on  the  weapon  support  fixtures  and  positioning  the  weapon  sup¬ 
port  fixtures  so  that  the  ordnance  lifting  lug  pattern  match  the  bomb 
rack  lug  pattern  oil  the  aircraft  to  be  loaded*  For  this  study,  the  fol¬ 
lowing  general  ordnance  pallet  make-up  requirements  were  used: 
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•  Desired  aircraft  loading  rate  01  1  aircraft  each  3  to  4 
minutes  (reference  13) 

•  Ordnance  flow  to  main  deck, below  rearming  station, before 
being  fed  to  make-up  areas 

•  Hardware  interference  and  equipment  idle  time  should  be 
minimum 

•  System  design  should  provide  for  inherent  reliability, 
redundancy,  and  operational  safety 

7.  Ordnance  Pallet  Make-Up  A  rea  Concepts 

Various  concepts  for  ordnance  pallet  make-up  area  configura¬ 
tion  were  developed  and  analyzed.  Figure  21  illustrates  concept  number 
1  with  two  make-up  afeas  outside  the  rejirrning  station  elevator  and  on 
the  03  level.  This  concept  has  a  high  degree  of  flexibility  and  rt  '  '* bili ty . 
The  aircraft  rearming  rate  is  high  because  simultaneous  operations  take 
place  in  the  make-up  areas  without  tying  up  the  rearming  station  elevator. 

Concept  Number  2,  figure  22,  is  one  in  which  ordnance  load 
make-up  is  accomplished  on  the  elevator.  Because  of  the  slow  loading 
time  and  limited  flexibility  this  concept  was  considered  less  optimum  for 
the  CVA  class  ships,  than  the  two  independent  make-up  area  concepts. 

Concept.  Number  3,  figure  23,  is  one  in  which  ordnance  pallet 
make-up  is  accomplished  on  the  main  deck.  The  attractive  feature  is 
that  the  outboard  upper  stage  (U.S.)  elevators  are  eliminated.  However, 
this  concept  uses  valuable  .a  rea  or.  the  main  deck  level  for  pallet  make-up 
and  requires  an  overhead  hoist  for  pallet  make-up. 
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Concept  Number  4,  figure  24,  provides  ordnance  make-up  areas 
on  two  different  levels.  The  bi-level  make-up  area  concept  has  all  of  the 
advantages  of  concept  number  1.  The  added- feature  is  one  of  improved 
operational  safety  and  redundancy  because  the  make-up  areas  are  on 
different  levels,  separated  by  ship  structure.  Hesults  of  a  small  mishap 
such  sis  a  smoking  heater  in  one  make-up  area  would  ho:  interefere  with 
operations  in  the  other  area. 

a  ' 

Based  upon  a  comparison-  of  make-up  rearming  station  volume, 
cycle  time,  operational  performance  and  flexibility  a  two  level  make-up 
station  was  selected  for  further  aru  lvsisdurim?  this  phase  study. 

D.  GENERATION  OF  SYSTEMS  1IARDWARE  CONCEPTS 

1.  introduction  # 

Based  upon  the  requirements  and  concepts  generated  in  Section 
VrB,  a  rearming  station  concept  was  selected  for  hardware  definition. 
This  section  describes  the' baseline  rearming  system  and  discusses 
hirdware  concepts  for  the  station  and  associated  subsystems.  An  inter¬ 
face  diagram  and  a  total  station  configuration  drawing  describe  the  sub¬ 
system  interfaces  and,  together  with  requirements  data  sheets,  form  the 
nucleus  of  a  set  of  hardware  specifications  for  the  rearming  station. 

-Projected  performance  data  for  rearming  time  ana  manpower 
are  presented  for  the  baseline  system. 

2.  Total  Station  Configuration  ; 

The  baseline  two-pass  rearming  concept  presented  and  dis¬ 
cussed  in  Section  V-B  was  selected  for  systems  hardware  definition. 


This  selection  was  based  on  several  factors,  the  most  prominent  being 
manpower,  time,  ship  volume,  operational  flexibility  and  reliability. 

The  total  station  configuration  is  shown  in  figure  2.  The  con¬ 
cept  is  discussed  in  detail  in  Section  V-13  and  only  a  brief  description 
of  the  'major  features  will  be  reiterated. 

The  station  consists  of  four  main  areas:  upper  stage  (U.S.) 
ordnance  elevators,  holding  ramp,  weapons  pallet  make-up  and  align¬ 
ment.  and  the  loading  station.  The  below  deck  Space  is  divided  into 
two  levels,  one  at  the  01  level  and  the  other  between  the  02  and  03  levels. 
The  bilevel  division  of  the  bctow  deck  space  offers  several  operational 
advantages,  notably  the  orderly  and  smooth  flow  of  weapons  and  skids 
from  the  main  deck  to  the  rearming  station,  and  the  capability  of  simul¬ 
taneously  performing  weapons  pallet  make-up/aiignment  and  weapons 
loadings  In  addition,  the  bilevel  arrangement  provides  a  back-up  sys¬ 
tem  .in  the  event  of  failure  on  upper  stage  elevator  or  equipment  in  the 
make-up  area. 

The  two  ordnance  elevators  serve  either  the  upper  or  lower 
make-up  level  and  are  sized  to  carry  three  fully  loaded  weapons  skids 
each.  The  ordnance  elevator  cycling  is  independent  of  the  rearming  sta¬ 
tion  elevator  since  weapons  pallet  preparation  is  done  in  the  make-up  area. 
The  holding  ramp  provides  a  skid  loading/unloading  area  to  free  the  eleva¬ 
tor  ,'rcm  waiting  until  a  weapons  pallet  is  available  before  offloading. 

This  .'^dependency  of  functions  lends  a  -gor'd  deal  of  flexibility  and 


versatility  to  the  system.  For  example,  it  is  possible  to  "prime"  the 
system  prior  to  aircraft  loading  by  having  one  aircraft  load  ready  on 
the  rearming  station  elevator,  a  second  load  ready  on  the  weapons 
pallet  in  the  make-up  area,  and  a  partial  third  load  waiting  on  the 
upper  stage  elevators  for  movement  onto  the  weapons  support  fixtures 
as  empty  skids  are.  off  loaded. 

A  key  component  of  the  baseline  rearming  system  is  the  wea¬ 
pons  pallet.  The  pallet  permits  the  shuttling  of  the  prepared  total  wea- 
;pons  load  from  die  make-up  area  to  the  rearming  station  elevator  and 
provides  a  reference  datum  for  weapons  alignment.  Movement  of  the 
pallet  from  the  make-up  area  to  the  rearming  station  elevator  is  by- 
air  bearing  modules  and  guide  rails.  The  low  frictional  resistance  pro¬ 
vided  by  the  air  bearings  minimizes  the  motive  force  required  to  shuttle 
the  pallet  back  and  forth  from  the  rhake-up  area  to  the  rearming  station 
elevator.  T.vo  weapons  pallets  allow  weapons  make-up  and  alignment 
operations  to  take  place  concurs©  .illy  with: Weapons  loading. 

-  "The  rearming  station  elevator  shuttles  the  weapons  pallet  be 
tween  the  aircraft  ftsid  thy  .two  make-up  levels.  The  elevator  is  sized 
for  the  .largest  weapons  load  encountered  in  two- pass  loading,  and  the 
heaviest  weapons  load  carried  by  the  A-6  aircraft.  The  rearming  sta¬ 
tion  elevator  also  serves  as  a  reference  datum  fox  positioning  the  wea¬ 
pons  pallet  in  relation  to  the  aircraft..  -  -  r 


Aircraft  positioning  and  support  over  the  loading  station  is  by 


main  gear  support  beams,  adjustable  for  various-aircraft  wheel  tracks, 
and  a  nose  gear  bridge.  The  beams  have  been  sized  to  support  the  maxi¬ 
mum  take-off  weight  of  the  A -6  aircraft,  and  to  withstand  shock  loads  im¬ 
posed  on  the  station.  The  preliminary  design  calculations  are  presented 
in  the  Appendix.  The  depth  of  the  aircraft  structural  support  is  a  criti¬ 
cal  dimension  in  the  design  of  the  station  since  it  determines  the  maxi- 
'  mum  height  to  which  the  weapons  pallet  can  be  raised.  From  the  pre¬ 
liminary  analysis,  it  was  determined  that  the  depth  of  the  main  gear  sup¬ 
port  beams  and  nose  gear  bridge  is  30  inches  and  16  inches,  respectively. 
Allowing  two  inches  for  detailing  and  connections,  a  total  distance  of  48 
inches  is  used  for  the  aircraft  support  system. 

Detailed  discussions  of  the  rearming  station  subsystems  are 
presented  in  Section  V-D.  5. 

3.  Interface  Diagram 

Figure  25  illustrates  the  major  subsystems  and  interfaces  for 
the  rearming  station.  This  diagram,  when  related  to  the  total  station 
configuration  drawing,  figure  2,  and  to  the  requirements  data  sheets, 
•describes  the  hardware  items  within  the  rearming  system.  The  diagram 
^vshovvs  the  structural  and  functional  relationships  of  the  rearming  station 
-subsystems,  and  the  ship  system /weapon  station  interfaces. 

I 

.  .Each  rectangular  block  on  the  diagram  represents  a  major 
-  ihav'jhya re  item  or.  function,  and  is  identified  by  a  three-digit  number. 
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This  number  corresponds  to  the  item  number  shown  on  the  baseline  con¬ 
cept  drawing,  figure  Z,  and  on  each  of  the  -requirements  data  sheets. 

The  baseline  concept  drawing,  interface  diagram  and  data  sheets  serve 
as  a  nucleus  for  a  hardware  specification  package,  which  can  be  updated 
as  each  hardware  item  is  more  clearly  define ds- 
4.  Requirements  Data  Sheets 

For  the  major  hardware  items  composing  the  rearming  station, 
a  data  sheet  has  been. generated  to  define  the  -requirements  and  give  a 
brief  description  of  the  item.  Wherever  possible,  an  off-the-shelf  Hem  - 
has  been  described,  even  though  Navy  requirements  may  later  necessi¬ 
tate  redesign  of  the  item.  The  primary  purpose  of  generating  the  data 
sheets  is  to  show,  that  hardware  providing  similar  requirements  is  avail¬ 
able  or  within  the  present  state-of-the-art,  and  to  assist  in  identifying 
long-lead  development  items. 

5-  System  Definition 
a.  Aircraft.Supporl 

The  aircraft  is  supported  over  the  rearming  station  by  two 
longitudinal  beams,  which- are  adjustable  for  the  aircraft  main  gear 
wheel  track,  and  a  nose  gear  bridge.  The  main  gear  wheels  rest  on 
movable  pads  attached  to  the  longitudinal  beams  and  the  nose  gear 
bridge  provides,  the  motive  force  for  towing  the  aircraft  over  the 
station-  After. leading,  the  aircraft  io  towed  from  the  station  by  tow 
tSractor. 
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1TE Hi :  '  ORDNANCE  PALLET, 


_NO._2flL 
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DATE 

1/21/72 

KEV. 

1,  DESCRIPTION 


The  Ordnance  Pallet  provides  a  rigid  base  for  mounting  the  weapon  support 
fixtures  and  serves  as  a  shuttle  for  moving  the  weapons  from  the  make-up  area  to  the 
ordhancecloading  elevator.  The  Ordnance  Pallet  is  the  key  to  accomplishing  unit  or 
simultaneous  loading  since  it  establishes  a  datum  for  weapons  alignment.  When  the 
weapons  have  been  positioned  and  aligned  on  the  pallet,  then  the  pallet  needs  only  to 
be  aligned  with  reference  to  the  aircraft  either  automatically  or  semiautomatically 
to  accomplish  mating  and  latching. 

The  pallet  is  mounted  on  a  low  friction,  air  bearing-guide  rail  system:  to  reduce 
the  motive  force  required  to  move  the  total  weapons  load  from  the  make-up  area  to  the 
rearming  station  elevator.  The  pallet  and  rail  system  incorporate  brakes  and  locks  to 
secure  the  pallet  at  any  position  along  the  length  of  the  rails. 


The  Ordnance  Pallet  is  designed  to  accomodate  the  total  weapons  load  of  the 
A-4,  A-6,  and  A-7  aircraft.  The  F-4  and  similar  large  aircraft  will  require  two 
partial  loads  to  completely  rearm  all  stations. 


2< 


SPECIFIC  REQUIREMENTS 


a.  The  Ordnance  Pallet  should  be  structurally  capable  of  supporting  a  total 
load  of  approximately  50, 000  lbs.  (Section  V-B.  2.  b) 


b.  The  pallet  should  weigh  not  more  than  5000  lbs. 

c.  Size  is  approximately  32  feet  by  16  feet  (Section  V-B.  2.  b). 
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LIFT  TABLE 

NO. 

300 
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- 

1/21/72 

of 


1.  DESCRIPTION 


The  lift  Table  serves- as  a  stable  platform  for  the  weapons  support  fixture  and 
provides  the  capability  of  positioning  the  weapons  at  the  proper  height  for  loading. 

The  lift  Table  is  mounted  on  a  low  friction  ball  bushing-rail  system  which  enables 
it  to  be  positioned  at  any  location  laterally  and  longitudinally  on  the  weapons  pallet. 

2.  GENERAL  REQUIREMENTS 

The  lift  Table  must  meet  the  following  requirements?  - 

•  Support  a  fully  loaded  AERO-21A  skid  and  Weapons  Support  Fixture  or  a  fully 

loaded  A/M  32K-5(V)  Munitions  Handling  Set  (presently  being  developed)  and 
the  Weapons  Support  Fixture.  .  ■ 

c  Proviae  the  capability  of  raising  and  lowering  the  Weapons  Support  Fixture  and 
loaded  skid  to  tke  proper  loading  height. 

•  Provide  the  capability  of  positioning:  and  looking  the  Weapons  Support  Fixture 
at  any  point  longitudinally  and -laterally  on  the  weapons  pallet  to  coincide  with 
the  aircraft  weapon  station  location. 

3.  SPECIFIC  REQUIREMENTS 

a.  Load  capacity:  8000  lbs  (Section  V-B.  2.  b) 

b.  Maximum  vertical  travel:  62  inches  (Sect  V-B.  2.  c) 

c.  Collapsed  height:  14"  (max. ) 


d*  Extended  height:  76"  (max. ) 
e;  Platform  size;  30"  widetx  72"  Jong 

f.  Frame  size:  30"  x  72" 

g.  Motor:  3  H.  P.  electric 

h.  Power  Source:  220/440  volt,  60  cycle,  3  phase 

i.  Alternate  power:  Air  motor 

j.  Approximate  weight:  2000  lbs. 

fc.  Rise  time:  43  sec  (fully  loaded): 


REQUIREMENTS  DATA  f  HEET 
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ITEM:  WEAPONS  SUPPORT  FIXTURE  NO. 

400 

DATE  KEY. 

-  - 

1/21/72 

1.  DESCRIPTION 

The  Weapons  Support  Fixture  is  one  of  the  most  important  systems  of  the  unit 
load  rearming  station  for  carrier  based  aircraft.  This  fixaire  must 

•  Secure  and  support  ordnance  from  ordnance  pallet  make-up  through 
weapons  loading. 

•  Provide  for  necessary  adjustments  in  pitch,  yaw,  roll  and  horizontal  translation 
to  make  final  alignment  of  a  wide  variety  of  weapons  to  carrier  based  aircraft. 

•  Support  and  secure  empty  weapon  skids  from  weapons  loading  until  the  skids 
axe  removed  from  the  ordnance  pallet. 

2.  SPECIFIC  REQUIREMENT 

The  Weapon  Support  Fixture  must  meet  the  following  requirements:  . 

a.  Structurally  support  a  5000  pound  fully  loaded  Aero  21A  skid  and  associated 
weapons  adapters  or  a  5000  pound  fully  loaded  A/M  32K-5(V)  Munitions  Handling 
Set,  presently  being  developed. 

b.  Provide  capability  for  rapidly  moving  a  supported  weapon  as  follows: 

Fitch:  +10  degrees,  -7  degrees 

Yl>v:  +2  1/2  Agrees 

Roll:  +7  degrees  (Section  V-B.  2.  c) 

Forward  and  Aft  (+x )  travel:  +4  inches 
Lateral  Translation  (jy)  travel:  +2  inches 

These  adjustments  must  be  made  independent  of  the  lift  table,  ordnance  pallet 
and  weapon  loading  elevator  adjustments. 

c.  Mechanisms  for  moving  the  supported  weapons  shall  be  manually  actuated  with 
the  capability  of  upgrading  to  a. fully  automated  system. 

d.  The  Weapon  Support  Fixture  must  have  the  capability  for  mounting  onto  a  Wt 
table  which  is  30  inches  wide  and  72  inches  long. 

e.  Maxirmirr.  height  of  fixture  from  skid  floor  to  top  of  lift  table  is  18  inches, 

f.  Maximum  width  -  30  inches. 
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WEAPONS  SUPPORT  FIXTURE  NO. _ 400 


DATE 

1/21/72 


Maximum  length  -  72  inches 


h.  Maximum  weight  -  1000  lbs. 


In  addition  to  the  above  requirements  this  fixture  shall  be  rugged,  reliable  and 
easy  to  operate  and  maintain  under  aircraft  carrier  environments. 
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ITEM:  WEAPONS  ALIGNMENT  FIXTURE  NO. 

50Q 

DATE 

1/21/72 

1,  DESCRIPTION 


The  Weapons  Alignment  Fixture  is  used  to  align  the  weapons  on  the  weapons  pallet 
such  that  the  weapons/suspesnion  lugs  coincide  with  the  aircraft  EBR  hook  pattern. 

When  this  aligument  is  accomplished,  the  weapons  are  ready  for  latching  onto  the  air¬ 
craft  without  additional  adjustments.  The  fixture  may  be  manual  or  automatic,  however, 
a  computer  controlled  fixture,  similar  in  operation  to  an  X-Y  plotter  or  numerically 
controlled  machine,  offers  many  operational  advantages.  With  a  computer  controlled 
fixture,  aircraft  variables,  such  as  tire  pressure,  fuel  load  and  manufacturing  tolerances, 
can  be  accounted  for  in  the  alignment. 

The  alignment  fixture  operates  as  follows: 

•  Data  for  the  aircraft  ejector  bomb  rack  (EBR)  hook  locations  and  the  weapons 
suspension  lugs  positions  are  input.  If  the  fixture  is  manually  operated  and 
controlled,  the  data  is  used  to  set  the  position  of  the  simulated  EBR  hooks  to 
coincide  with  the  EBR  books  on  the  ait  :raft  to  be  loaded.  For  a  computer 
controlled  fixture,  the  data  activates  drive  systems  which  automatically  position 
the  simulated  EBR  hooks. 

•  The  Weapons  Alignment  Fixture  is  placed  on  the  weapons  pallet  and  the  lift 
table  and  weapons  support  fixtures  adjusted  until  the  weapons  lugs  and 
Simulated  EBR  hooks  mate. 

•  The  weapons  support  fixtures  are  locked  into  place  and  the  alignment 
fixture  removed. 

•  The  weapons  pallet  is  moved  to  the  elevator  for  loading  onto  the  aircraft. 

2.  SPECIFIC  REQUIREMENTS 

The  Weapons  Alignment  Fixture  must  meet  the  following  requirements: 

a.  Provide  capability  of  aligning  the  weapons  lugs  to  within  +  0. 1”  in  fore,  aft 
and  lateral  directions,  and  to  t  .1/2°  of  the  EBR  hook  centerline  in  pitch, 
roll  and  yaw  angles. 

b.  The  maximum  depth  of  the  Alighment  Fixture,  with  all  simukted  EBR 
hooks  retracted,  should  not  be  greater  than  18".  Maximum  Width  and 
length  should  not  exceed  32’  and  17’,  respectively. 
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ITEM: 


WORK  PLATFORMS 


DATE 

1/21/72 


1.  DESCRIPTION 

The  Work  Platforms  provide  access  to  the  weapons  support  fixtures  and  the 
aircraft  weapon  stations  during  rearming.  The  platforms  are  basically  personnel 
lifts  which  can  be  raised  and  lowered  to  the  desired  working  level.  The  platforms  are 
mounted  on  the  lift  Table  rail  system  and  can  be  positioned  at  any  location  directly 
forward  of  the  lift  Table.  The  Work  Platforms  can  be  controlled  remotely  in  the 
vertical  direction.  The  lateral  and  longitudinal  position  is  established  and  the  Work 
Platforms  .'locked  into  place  prior  to  being  manned. 

The  Work  Platforms,  in  addition  to  being  used  for  ordnance  loading,  could  also 
serve  as  access  platforms  for  aircraft  servicing  and  for  maintenance  of  the  aircraft 
support  system. 

2,  SPECIFIC  REQUIREMENTS 

The  Work  Platforms  should  meet  the  following  requirements: 

a.  Provide  a  work  platform  34"  wide  x  GO"  long.  Removable,  lightweight 
grating  extensions  should  provide  a  capability  of  extending  the  platform  width 
to  64"  and  length  to  xOo"  long. 

b.  Vertical  travel  capability:  36" 

c.  Extended  height:  42"  (max. ) 

d.  Collapsed  height:  6" 

e.  Capacity:  2000  lbs. 

f .  Motor:  1  HP  (electric) 

g.  Power  Source:  110  volt,  single  phase  60  cycle 

h.  Rise  time?  22  seconds 


i.  Approximate  weight:  600  lbs 


The  aircraft  support  system  is  sized  to  support  a  total,  load 
of  60,  626  lbs,  which  is  the  maximum  take-off  weight  of  the  A-b  air¬ 
craft.  The  A~6  represents  the  maximum  weight  condition  of  the  four 
aircraft  considered  in  this  study.  Shock  loacrng  requirements,  out¬ 
lined  in  reference  14,  were  included  in  the  preliminary  analysis  of 
the  aircraft  support  system.  From  the  preliminary  analysis,  it  was 
determined  lhat  the  main  gear  beams  will  require  an  elastic  section 
modulus  of  240  in^,  and  the  nose  gear  bridge  will  require  209  in^. 
These  values  are  based  on  the  length  (SS'-b")  and  width  ( 32’}  of  the 
single  pass  station.  With  the  two- pass  baseline  station  concept,  the 
main  gear  beam  length  is  reduced  to  28’  -j"  and  the  section  modulus 
requirement  will  be  greatly  reduced.  The  nose  gear  bridge  length 
does  not  change,  consequently,  the  beam  size  will  remain  the  same. 
Since  the  primary  purpose  in  siziug  the  aircraft  support  system  is 
for  weight  estimation,  the  most  conservative  condition,  the  single 
pass  station  length,  is  used. 

For  the  main  gear-beams,  a  standard  structural  steel  sec¬ 
tion,  30  WF  99,  is  used.  The  steel,  is  assumed  to  be  ASTM  A242, 

A 440  or  A44I,  with  a- yield  point  of  50,000  psi.  For  the  nose  gear 
bridge,  a  box-section  made  up  of  l/2n  thick  structural  steel  plates 
is  used.  Based  on  these  support  members,  the  aircraft  support 
system  weight  for  the  single-pass  station  concept  is  approximately 
14,000  lbs.  For  the  two-pass  concept,  the  weight  can  be  reduced  to 
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approximately  12,000  lbs,  assuming  the  same  beam  siaie  as  for  the 
single  pass  concept. 

The  aircraft  support  system  impacts  the  weapons  pallet  and 
weapons  support  fixture  design  since  the  depth  of  the  support  beams 
determines  the  maximum  height  to  which  the  weapons  pallet  can  be 
raised.  The  difference  in  the  height  between  the  weapons  pallet  and 
the  hook  height  of  the  aircraft  must  he  designed  into  the  weapons 
support  fixtures.  For  this  reason,  the  maximum  depth  of  the  air¬ 
craft  support  beams,  which  results  from  the  single  pass  station,  is 
used  as  a  baseline  aircraft  support  system  parameter. 

Calculations  for  the  aircraft  support  system  beams  are 
given  in  the  Appendix, 
b.  Weapons  Pallet 

The  weapons  pallet  provides  a  rigid  platform  for  supporting 
and  moving  the  aircraft  weapons  from  the  unit  load  make-up  area  to 
the  aircraft.  The  platform  is  built  up  of  steel  plates  and  rectangular 
tubing  stiffeners.  The  top  of  the  weapons  pallet  is  equipped  with  a 
crisscross  pattern  of  rails  to  provide  lateral  and  longitudinal  move¬ 
ment  of  the  weapons  support  fixtures.  The  lateral  direction  rails 
are  fixed  to  the  pallet  platform.  The  three  longitudinal  retils,  located 
under  each  weapon  support  fixture,  are  equipped  with  low  friction 
ball  bushing  which  ride  the  lateral  rails  and  enable  the.  weapon  sup¬ 
port  fixture  and  support  rails  to  be  moved  laterally.  Longitudinal 
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movement  of  the  weapons  support  fixture  is  obtained  by  bail  bush¬ 
ings  between  the  weapons  support  fixture  and  the  longitudinal  rails. 

The  longitudinal  and  lateral  rail  system  is  preliminarily 
sized  for  a  maximum  load  of  8000  lbs  per  weapon  support  fixture  and 
a  travel  life  in  excess  of  two  years.  Shock  loads  have  not  been  con¬ 
sidered  in  selecting  rail  sizes.  The  rail  shafts  are  preliminarily 
sized  at  2  1/2  inches  in  diameter  and  the  bushings  are  3  3/4  inches 
in  diameter  for  the  static  load  condition.  The  rail  and  bushing  sys¬ 
tem  offer  a  very  low  coefficient  of  friction,  approximately  0.  001  to 
0.004. 

The  rails  and  ball  bushings  are  hardware  items  currently 
available  and  have  proven  performance  and  reliability.  Therefore, 
very  little  hardware  development  is  foreseen  for  the  weapons  pallet, 
c.  Computer  Controlled  Weapons  Alignment  J  ig 

After  the  .weapons  are  positioned  on  the  weapons  pallet,  ad¬ 
justments  are  made  so  that  the  weapons  will  be  in  the  proper  orienta¬ 
tion  for  loading  onto  the  aircraft.  A  mechanical  means  of  doing  this 
alignment  in  a  fast,  accurate  manner  is  to  utilize  a  computer  con¬ 
trolled  weapons  alignment  jig.  The  jig  will  be  an  electro-mechanical 
device,  similar  in  operation  to  an  X-Y  plotter,  which  will  position 
simulated  bomb  racks  at  the  proper  locations  to  duplicate  the  air¬ 
craft  £BH*s  hook  pattern.  For  the  specific  aircraft  and  weapons  to 
be  ioaded,  a  set  of  digital  data  will  be  input  to  the  alignment  jig  and 


this  data  will  be  converted  to  analog  signals  which  control  the  vari¬ 
ous  /motors  and  drive  systems  to  .position  the  alignment  plates  at  the. 
correct  X,  Y,  and  2-distances  and  the  correct  pitch,  yaw,  and  roll 
angles. 

Once  the  alignment  jig  plates  have  been  positioned,  the 
weapons  support  fixtures  are  adjusted  until  the  weapon  lugs  mate 
with  the  simulated  bomb  rack  hooks  on  the  alignment  jig.  plates.  The 
weapons  pallet  is  then  moved  Lo  the  elevator,  raised  to  the  aircraft 
and  the  weapons  mated  and  latched. 

Using  the  alignment  jig-,  mating  is  assured  {provided  relief 
is  given  in  the  close  tolerances  between  the  suspension  lugs  and  the 
JEER  hooks)  after  the  weapons  pallet  is  raised  to  the  flight  deck,  thus 
eliminating  needless  adjustments  on  the  flight  deck  where  time  is 
critical  and  where  environmental  conditions  may  not  be  conducive  to 
accomplishment  of  alignment,  mating  and  latching.  The  alignment  jig 
will  also  reduce  the  effort  required  in  making  up  the  skid  loads  and 
the  pallet  loads  since  it  will  not  be  necessary  to  position  the  weapons 
accurately  on  the  skid  or  to  position  the  skids  accurately  on  the  wea¬ 
pons  support  fixtures.  The  total  misalignment  buildup  from  the 
weapon-skid,  skid-weapon  support  fixture,  and  weapon  support  fix¬ 
ture-pallet  can  be  corrected  by  one  alignment  check  and  adjustment 
with  the  alignment  jig. 
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The  alignment  jig  will  permit  weapons  alignment  for  any 

* 

type  aircraft  or  weapons  mix  and  can  be  programmed  to  compensate 
for-  such  aircraft  variables  as  tire  pressure,  fuel  load  and  manufac¬ 
turing  tolerances.  Once  the  aircraft  weapon  stations  have  been  accu¬ 
rately  located,  this  data  can  be  used  repeatedly  to  set  up  the  align¬ 
ment  jig  and  position  the  weapons  for  loading. 

A  feasible  concept  for  a  computer  controlled  weapons  align¬ 
ment  jig  ts  shown  in  figure  26.  The  alignment  jig  is  stored  in  the 
overhead  space  above  the  make-up  area  when  not  in  use.  When  a 
weapons  pallet  is  prepared  for  loading,  it  is  moved  on  the  support 
fails  to  an  alignment  spot  directly  underneath  the  jig.  The  jig  is 
lowered  until  the  four  conical  legs  engage  the  support  posts.  The 
posts  are  accurately  located  in  reference  to  the  pallet  and  serve  as 
a  datum  for  the  alignment.  The  aircraft  BUNO  number,  weapons 
load  and  other  pertinent  data,  such  as  tire  pressure,  fuel  ioad,  etc. 
is  entered  into  the  computer  which  controls  the  jig.  This  data  gen¬ 
erates  signals  to  position  the  alignment  assembly  and  alignment 
plates  for  each  weapon  station  and  duplicates  the  position  of  the  EBR 
hook  pattern  for  the  aircraft  to  he  loaded.  The  Y-direction  move¬ 
ment  ts  obtained  by  moving  the  entire  assembly  laterally  and  the  X- 
direction  is  obtained  by  moving  the  alignment  head  fore  and  aft.  The 
Z-direct'ion  adjustment  is  accomplished  by  an  extendible  tube.  An 
alignment  plate  is  mounted  on  the  end  of  the  extendible  tube  to  provide 
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for  roll  and  pitch  angle  adjustments.  Yaw  angle  adjustment's  are 
accomplished  by  -rotating  the  extendible  tube  in  the  alignment  head. 
The  alignment  plate  contains  4  slots  corresponding  to  a  14-inch  and 
30-inch  suspension  hook  spacing.  These  slots  duplicate  the  geom¬ 
etry  of  the  hook  opening  on  the  EBR  and  when  the  weapon  lugs  are 
aligned  to  mace  with  the  alignment  plate  slots,  they  are  properly 
oriented  for  loading  onto  the  aircraft  with  no  additional  adjustments. 

The  alignment  jig  hardware  development  is  well  within  the 
state-of-the-art  and  systems  similar  in  operation  to  the  alignment 
jig  are  commercially  available.  Development  of  the  jig  would  re¬ 
quire  the  adaptation  of  these  systems  to  the  specific  requirements 
fox*  weapons  alignment  and  to  the  carrier  environment, 
d.  Final  Weapons  Alignment 

A  final  weapons  alignment  concept  using  a  pin  and  cone 
technique  has-  been  investigated.  This  concept,  in  addition  to  the 
use  of  the  Computer  Controlled  Weapons  Alignment  Jig,  may  be 
necessary  to  assure  mating,  due  to  the  close  tolerances  between 
th5  suspension  lugs  and  the  EBR  hooks. 

The  concept  consists  of  an  aligning  pin  attached  to -the  EBR 
with  a  quick  disconnect  pin,  such  as  a. ball  lock  pin,  and  a  conical 
receptacle  attached  to  the  MER,  TER  or  single  weapon.  On  the 
MER  or  TER,  no  problems  are  anticipated  in  attaching  the  conical 
receptacle.  On  single  weapons,  the  receptacle  will  be  attached  to 
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an  adjustable  band  or  clamp  which  will  be  positioned  and  secured 
around  the  weapon  body. 

The  conical  receptacles  will  be  attached  to  the  weapons 
rack  or  store  in  the  rnake-up  area  and  the  weapons  aligned  on  the 
pallet  with  respect  to  the  aircraft  EBR  hooks.  In  the  preloading  . 
area  on  the  flight  deck,  the  alignment  pins  will  be  attached  to  the 
EBR’s.  Both  the  pin  and  cone  will- be  designed  for  rapid  attachment 
and  removal  by  using  quick  connecfc-discoanect  pins,  such  as  ball 
locks.  The  pin  and  cone  design  will  determine  the  maximum  mis¬ 
alignment  which  can  be  negated,  but  is  is  anticipated  that  a  capabil¬ 
ity  of  +2  inches  in  the  lateral  and  longitudinal  directions  and  +2° 
pitch,  yaw  and  roll  angle  will  be  sufficient  to  assure  mating  and 
latching.  The  forced  alignment  of  the  store  lugs  and  EBR  hooks 
will  be  made  possible  by  an  air  bag  attached  to  the  bottom  of  the  skid 
platform  and  the  top  of  the  weapons  support  fixture  pitch  platform,  as 


shown  in  figure  27.  The  air  bag  provides  the  lift  and  the  low  friction 
necessary  to  force  alignment  between  the  pin  and  cone  without  in¬ 
ducing  excessive  loads  into  the  EBR  or  the  store. 

The  concept  functions  as  follows:  (Refer  to  figures  27,  28,  29) 
•  The  conical  receptacles  are  attached  to  the  store  or  rack 
in  the  make-up  area.  The  weapons  and  receptacles  are 
aligned  with  respect  to  the  aircraft  EBR  hooks,  using 
the  weapons  pallet  as  a  reference  datum. 
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FIGURE  27.  FINAL  WEAPONS  ALIGNMENT  -  PIN  AND  CONE  CONCEPT 
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The  air  bag  is  in  the  deflated  condition  and  the  skid 
platform  and  pitch  assembly  are  clamped  together  by  a 
solenoid  operated  lock. 

On  the  flight  deck,  the  aircraft  is  prepared  for  loading 
and  the  alignment  pins  are  attached  to  the  EBR. 

The  weapons  pallet  is  moved  to  the  rearming  elevator 
and  raised  to  the  aircraft.  When  the  pin  and  cones  en¬ 
gage,  vertical  movement  of  the  weapons  pallet  is  halted. 
Solenoid  locks  holding  the  skid  platform  and  WSF  pitch 
platform  together  are  activated  and  the  air  bag  is  pres¬ 
surized  slowly. 

As  the  air  bag  is  pressurized  the  two  platform  surfaces 
break  contact  and  the  skid  platform  is  free  to  move  with¬ 
in  the  constraints  of  the  cone  and  the  limits  of  the  air 


bag. 


As  pressurization  of  the  air  bag  continues,  the  pin  and 
cone  are  smoothly  mated,  and  the  store  lugs  engage  the 
EBR  hooks. 

After  latching  has  occurred,  the  slore/skid  tiedowns 
are  released  and  the  air  bag  deflated bringing  the  skid 
platform  and  WSF  pitch  platform  into  contact.  The  two 
platform  surfaces  are  guided  into  position  by  the  tstble 
indexing  keys  and  locked  together. 
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_ -•  The.  aircraft  is  moved  to  the  post-loading  area  where 

checkout  is  performed,  the  pms  and  cones  removed 
and  final  electrical  and  arming  procedures  are  initiated. 

Figure  28  illustrates  the  attachment  of  the  alignment  cones 
to  a  TER,  and  figure  29  gives  the  details  of  the  alignment  pin. 
e.  Work  Platforms 

To  provide  access  to  the  aircraft  weapon  stations  during 
weapons  loading,  a  work  platform  is  available  for  each  weapons  sup¬ 
port  fixture  on  the  weapons  pallet.  The  rail  system  utilized  for  posi¬ 
tioning  and  supporting  the  weapon  support  fixtures  is  also  used  for 
the  work  platforms.  The  work  platforms  are  basically  personnel 
lifts  which  are  mounted  on  the  weapon  support  fixture  rails  and  can 
be  positioned  forward  of  the  weapon  support  fixture.  The  platforms 
can  be  raised  and  lowered  by  the  operator  stationed  on  the  platform 
and  provide  access  to  a  large  .area  around  the  aircraft  weapon  station. 
The  platforms  operate  independently  Of  the  weapon  support  fixture 
and  can  be  adjusted  for  various  heights  and  widths. 

The  weapon  support  fixture  size  determines  the  width  of  the 
work  platform.  The  weapon  support  fixture  is  30”  wide  and  has  an 
adjustment  capability  of  +2  inches  in  the  lateral  direction.  In  the 
longitudinal  direction,  approximately  60  inches  has  been  chosen  for 
the  basic  work  platform  length.  Therefore,  the  basic  work  platform 
is  60”  x  3‘t", 
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In  some  cases,  It  is  impossible  to  provide  access  to  all 
areas  adjacent  to*the  weapon  station.  For  example,  the  A-7  inboard 
and  center  wing  stations  are  separated  by  only  36",  which  gives  very 
little  clearance  between  weapons  considering  that  a  MK  82/MER  re¬ 
quires  a  width  of  almost  35".  In  these  cases,  the  basic  platform 
size  of  34"  x  60"  is  used.  For  other  aircraft  with  greater  station 
separations,  platform  extensions  are  used  to  provide  a  reasonable 
work  and  access  space  for  the  station.  Figure  30  depicts  the  work 

platform  arrangement  for  the  A-7  aircraft.  Note  that  the  work  plat- 
» 

form  for  station  1  is  used  to  provide  access  to  the  A-7  fuselage  mis¬ 
sile  station  by  adding  width  extensions. 

Figure  31  is  a  sketch  of  a  concept  for  a  weapon  station  work 
platform.  The  work  platform  consists  of  a  personnel  lift  with  an  ex¬ 
tension  capability  of  36".  The  34"  platform  base  height  puts  the  top 
of  the  work  platform  at  the  same  elevation  as  the  top  of  the  lift  table 
on  the  weapons  support  fixture,  when  the  work  platform  is  in  the 
lowered  position.  The  platform  base  is  mounted  to  the  weapons  pallet 
in  the  same  manner  as  the  weapons  support  fixture,  i.  e.  ,  by  means 
of  low  friction  ball  bushings.  This  permits  the  work  platforms  to  be 
moved  to  any  position  on  the  weapons  pallet  forward  of  the  weapons 
support  fixture.  The  work  platforms  arc  not  connected  to  the  wea¬ 
pons  support  fixtures  and  operate  completely  independently  of  the 
weapon  support  fi  :tures. 
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A  remote  control  is  provided  on  the  work  platform  to  allow 


the  platform  to  be  raised  or  lowered  by  the  personnel  stationed  on  the 


platform.  The  lateral  and  longitudinal  movement,  however,  is  not 


controlled  from  the  platform.  The  platform  is  positioned  laterally 


and  longitudinally  and  locked  into  place  prior  to  loading  the  weapons 


pallet  on  the  rearming  elevator. 


As  previously  stated,  the  basic  platform  is  34"  x  60". 


Width  extensions  are  available  to  provide  up  to  64"  x  60"  platforms. 


In  addition,  length  extensions  may  be  added  to  provide  access  be¬ 


tween  weapon  stations  where  space  is  available.  The  platform  and 


extensions  are  made  from  lightweight  grating  and  the  extensions  can 


be  braced  for  rigidity.' 


In  the  overall  sequence  of  operations  for  the  rearming  sta¬ 


tion,  the  work  platform  preparation  will  take  place  at  the  same  time 


the  weapons  are  being  placed  on  the  weapon  support  fixtures  at  the 


nake-up  area.  After  weapons  alignment,  either  manually  or  by  using 


the  alignment  jig,  the  platforms  are  moved  up  to  the  weapons  support 


fixture  and  locked  into  place.  The  weapons  pallet  is  transferred  to 


the  rearming  elevator,  weapons  loading  personnel  man  the  work  plat¬ 


form,  and  the  weapons  pallet  is  raised  to  the  aircraft.  At  this  point. 


the  wo.-k  platforms  can  be  raised  or  lowered  as  necessary  to  provide 


visual  observations  of  loading  and  to  provide  access  to  the  manual 


controls  on  the  weapons  support  fixture. 
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In  addition  of  providing  access  to  the  aircraft  stations 
during  loading,  the  work  platforms  could  be  used  for  servicing  and 
maintaining  the  aircraft  and  the  rearming  station  support  equipment, 
such  as  the  nose  gear  bridge  and  main  gear  support  pads. 

Work  platforms  providing  the  platform  dimensions*  lift 
heights,  and  weight  capacities  required  for  this  application  are 
presently  available.  Some  redesign  will  be  required  to  provide  a 
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rail  mounting  and  to  meet  the  standards  required  by  the  aircraft 
carrier  environment. 

f.  Weapon.  Support  Fixture 

The  weapon  support  fixture  supports  and  secures  the  ord¬ 
nance  from  ordnance  pallet  make-up  through  weapons  loading  and 
provides  necessary  movement  of  the.  ordnance  for  final  alignment 
to  the  aircraft. 

The  weapons  support  fixture  is  mounted  on  top  of  a  lift  table 
which  in  turn  is  structurally  supported  by  the  weapons  pallet.  The 
lift  table  and  weapon  support  fixture  form  a  movable  pluu'urm  which 
can  be  positioned  laterally,  +Y,  and  longitudinally,  +X,  on  the  wea¬ 
pon  pallet.  The  lift  table  provides  the  necessary  positioning  of  the 
ordnance  in  the  +Z  direction. 

The  movable  platforms  are  moved  aft,  -X,  on  the  ordnance 


pallet  until  the  weapon  support  fixtures  interfaces  with  the  make-up/ 


holding  ramp  {see  figure  2).  The  loaded  skids  are  moved  on  and 


secured  to  the  weapon  support  fixture.  The  weapons  pallet  moves 
to  a  fixed  position  under  an  ordnance  alignment  fixture  which  has 
indexing  probes  corresponding  to  the  bomb  rack  pattern  of  the  air¬ 
craft  to  be  loaded. 

The  movable  platforms  are  positioned  on  the  fixed  ordnance 
pallet  in  the  X  and  Y  directions  until  ordnance  support  hooks  match 
the  ordnance  alignment  fixture  pattern.  The  weapon  support  fixture 
then  is  adjusted  in  yaw,  pitch,  and  roll  as  necessary  to  correspond 
to  the  aircraft  to  be  loaded.  The  lift  table  is  raised  until  the  ord¬ 
nance  support  hooks  match  the  alignment  fixture  in  Z-direction,  and 
any  required  fine  adjustments  are  also  made.  The  movable  plat¬ 
forms  are  then  locked  onto  the  ordnance  pallet. 

The  loaded  and  aligned  weapons  pallet  moves  into^a  fixed 
position  on  the  elevator  and  is  raised. under  a  prepositioned  aircraft. 
The  weapon  support  fixtures  moves  the  ordnance  to  make  any  neces¬ 
sary  final  adjustments  in  yaw,  pitch,  roll  or  -fX,  _+Y  directions.  The 
lift  tables  independently  moye  the  ordnance  upward  the  final  two  or 
three  inches  until  the  bomb  rack  hooks  and  ordnance  lugs  lock. 

Since  the  weapons  support  fixture  is  considered  to  be  a 
pacing  hardware  development  item,  the  design  concept  was  investi¬ 
gated  in  more  depth  than  the  other  rearming  station  subsystems. 

A  hardware  concept  for  meeting  requirements  specified  for 
the  weapons  support  fixture  in  Data  Sheet  No.  400  is  defined  below. 


Refer  to  figures  32  and  33. 
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•  Skid/ Weapon  Loading 

A  loaded  AERO  21A  skid  or  the  A/M  32  K-5(V)  Muni 
tions  Handling  Set  (presently  being  developed)  is  rolled  from  a 
holding  ramp  (in  the  ordnance  pallet  make-up  area)  onto  the 
pitch  platform  of  the  weapon  support  fixture. 

Manual  force  for  moving  the  weapons  skid  onto  the 
pitch  platform  is  assumed  for  the  hasetine  system.  Advanced 
versions  will  utilize  automated  conveyors  or  driverless  skids 
controlled  by  the  weapons  strike-up  officer., 
c  Skid  Positioning 

The  weapons  skid  is  guided  onto  the  pitch  platform  by 
two  wheel  guide  assemblies  mounted  or-  the  pitch  platform. 
Spring  loaded-vertical  wheel  guides  keep  the  weapons  skid  on 
center  as  it  rolls  into  the  forward  position. 

•  Skid  Tie-Down  Assembly 

The  skid  tie-down  assembly  secures  and  restrains  the 
weapons  skid  on  the  weapons  support  fixture  from  skid /weapons 
loading  until  the  empty  skid  is  returned  to  the  make-up  area. 

The  baseline  system  accomplishes  tie-down  by  using  a 
shock  mounted,  self-locking,  lug  mechanism  which  engages  a 
vertical  pin  component  mounted  on  the  front  axle  of  the  weapons 
skid.  This  mechanism  secures  the  front  axle  in  the  X,  Y  and  Z 


direction.  A  ”lug  release”  cam  is  actuated  to  unlock  the  lugs 
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before  the  empty  skid  is  moved  from  the  weapon  support  fixture. 
This  type  mechanism  is  simple,  reliable  and  is  used  extensively 
in  military  and  commercial  hardware. 

The  positioning  chocks  forward  of  the  skid  front  wheels 

9 

and  brakes  on  the  weapon  skid  may  be  used  as  back-up  securing 
capability,  if  necessary. 

•  Pitch  Platform 

The  pitch  platform  structurally  supports  the  weapons 
skid  and  provides  a  10c  nose  up  and  7°  nose  down  pitch  adjust¬ 
ment  capability.  See  figures  32  and  33  for  general  configuration. 
The  pitch  platform  houses  the  skid  positioning  assembly  and  skid 
tie  -down  assembly  and  is  mounted  on  the  roll  assembly. 

Pitch  adjustments  are  made  by  rotation  of  a  handwheel 
at  the  forward  end  of  the  weapon  support  fixture.  The  handwheel 
drives  a  rotating  lock  nut  which  moves  a  jack  screw  up  and  down 
thereby  tilting  the  pitch  table.  This  type  of  high  strength  screw 
actuator  is  available  commercially  and  has  a  history  of  reliable 
use  in  milling  machines  and  other  machine  tools.  Approximately 
15  seconds  is  required  to  move  a  loaded  pitch  platform  7  degrees. 

•  Yaw  Assembly 

The  yaw  assembly  provides  a  yaw  angle  adjustment  of 
■f2  1/2°.  The  yaw  adjustment  is  obtained  by  engaging  and  driving 
either  the  forward  or  aft  lateral  screw  jack  while  holding  the 
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other  lateral  drive  stationary,  or  by  driving  the  fore  and  aft 
screws  in  opposite  directions. 

•  Roll  Assembly 

The  r:-1!  assembly  provides  the  capability  of  adjusting 
the  skid/weapon  roll  angle  +7  degrees  minimum.  The  assembly 
is  mounted  under  the  pitch  platform  and  uses  a  similar  jack  screw 
and  handwheel  adjustment  mechanism. 

Various  types  of  easy  to  read  indexes  are  commercially 
available  for  visual  display  of  the  roll  and  pitch  angles. 

Approximately  15  seconds  is  required  to  move  a  loaded 
roll  assembly  7  degrees  with  the  jack  screw  and  handwheel 
mechanism. 

•  Lateral/Longitudinal  Adjustment  Assembly 

The  bottom  portion  of  the  weapon  support  system  pro¬ 
vides  for  positive  positioning  of  +4  inches  longitudinally,  (+X), 
and  +2  inches  laterally  (tY), 

This  assembly  uses  small  low  friction  parallel  bearing 
assemblies  to  support  the  sliding  members.  *Jack  screw  and 
handwheel  mechanisms  are  used  for  positive  positioning  and 
control. 


The  baseline  weapon  support  fixture  utilizes  handwheels 
for  all  pitch,  yaw,  roil,  lateral  and  longitudinal  movements;  how¬ 
ever,  these  actuators  may  easily  be  converted  to  motor  driven 
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and  remote  control  units.  Little  structural  change  would  be  j 

necessary  to  incorporate  a  numerically  controlled  positioning/ 
alignment  system  at  a  later  date. 

6.  Projected  Performance  of  Rearming  Station  ? 

A  detailed  operational  analysis  of  the  two  pass  rearming  station 
based  upon  the  hardware  data  generated  is  contained  in  Section  V-E  of  :| 

this  report.  Actually  a  baseline  operational  sequence  of  events  chart  ■ 

was  constructed  at  the  beginning  of  the  study.  The  chart  was  used  during 

this  study  to  pinpoint  pr  ’ems,  investigate  alternative  subsystem  con-  • 

1 

cepts  for  resolving  problems,  and  to  help  in  the  selection  of  hardware 
concepts.  Results  of  the  latest  projected  performance  of  the  two  pass 

"baseline"  rearming  station  are  outlined  below.  j 

The  two  make-up  areas  outside  the  rearming  station  elevator  i 

allows  simultaneous  rnake-up  and  alignment  operations  to  be  .accomplished 

< 

independent  of  the  elevator  position.  These  specialized  make-up  areas 
provide  adequate  thermal  control,  lighting  and  special  facilities  not 
available  on  the  rearming  station  elevator.  By  maintaining  parallel  op¬ 
erations  in  the  bi-level  make-up  areas  the  below  deck  operations  are  : 

balanced  well  with  the  above  decK  operations.  That  is,  a  minimum  of  5 

equipment  idle  time  exists.  The  ''baseline"  concept  provides  opera¬ 
tional  flexibility,  redundancy  and  rapid  aircraft  loading  for  CVA  strike  ; 

missions. 
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Analysis  results  indicates  that  the  "baseline"  rearming  station 
can  accomplish  ordnance  loading  on  an  average  of  one  aircraft  each  3.  5 
minutes.  The  average  time  bfetween  loading  can  be  expected  to  be  between 

3  and  4  minutes  for  the  various  type  aircraft  and  ordnance  loads. 

The  baseline  rearming  station  is  operated  bv  39  personnel,  14 
below  deck  and  25  on  the  flight  deck.  The  below  deck  station  personnel 
are  composed  of  two  crews  of  seven  each.  The  flight  deck  crews  are: 

4  tow  truck  drivers,  4  assistances  and  8  wing  walkers,  (16  personnel);  4 
preloading  specialists,  one  loading  officer  and  4  post  loading  specialists. 
E.  OPERATIONAL,  ANALYSIS 

1.  Introduction 

This  section  defines  the  operational  sequence,  time  and  man¬ 
power  required  for  a  baseline  rearming  station.  Critical  operations  be¬ 
low  and  on  the  flight  deck  are  identified  and  areas  for  further  optimization 
are  outlined. 

2.  Definition  of  Below  Flight  Deck  Operations 
a.  Objective 

The  purposes  of  this  section  and  associated  analyses  are  to: 

•  Define  a  baseline  sequence  of  operations  for  below 
flight  deck  activity  supporting  a  unit  load  rearming 
station 

•  Define  necessary  manpower  and  work  teams  for  ord¬ 
nance  paiict  make-up  and  alignment 


•  Outline  skid/weapons  flow  from  the  main  deck  to  the 
make-up  areas 

b.  Loading  Requirements 

In  order  to  establish  a  baseline  sequence  the  following  "worst 
case"  loading  requirements  were  established: 

(1)  Seven  A-7  aircraft  are  to  be  loaded  with  weapons  in 
30  minutes  with  a  rearming  station  in  the  ready  status 

(2)  Weapons  Load:  18,300  lbs/A-C 

Station  1  &  8  6  MK  82  on  MER 

2  &  7  6  MK  82  on  MER 

3  &  4  4  MK  82  on  MER 

The  MK82  weapons  mounted  on  MEB's  are  transported  from 
the  magazine  to  the  rearming  station  by  AERO  21A  skid  or  A/M  32 
K-5(V)  Munition  Handling  Sets.  All  seven  A-7  aircraft  are  assumed 
to  be  loaded  sequentially  from  one  weapons  rearming  station,  also  the 
A-7  aircraft  are  assumed  to  be  fueled  and  spotted  on  the  flight  deck 
with  tow  bar  attached.  Preloading  preparations,  weapons  loading 
and  post  loading  preparations  are  accomplished  in  sequence. 

Loaded  aircraft  are  respottoc  on  flight  deck  prior  to  launch. 

c.  Rearming  Station  Layout 

The  rearming  station  layout  used  for  this  operations  anal¬ 
ysis  is  the  two-pass  "baseline"  rearming  station  shown  in  figure  2. 

The  rearming  station  is  assumed  to  be  located  forward  of  aircraft 
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elevator  number  1  on  aircraft  carrier  CVA(N)  65  for  this  analysis. 
Reference  15  was  used  for  carrier  configuration  data. 

The  station' contains  two  areas  for  ordnance  pallet  make-up 
and  alignment;  one  area  at  the  03  level  and  one  area  at  the  01  +  level 
Ordnance  flow  from  the  main  deck  to  these  make-up  areas  via  eleva¬ 
tors  A  and  B.  Weapons  mounted  on  bomb  skids  are  moved  from  the 


weapons  elevator  to  a  holding  ramp  and  onto  weapon  support  fixtures 


located  on  the  ordnance  pallet.  The  weapons /skids  are  secured  to  the 


weapon  support  fixtures  and  aligned.  The  loaded  and  aligned  ordnance 


pallet  is  then  moved  onto  the  rearming  station  elevator  and  raised  to 


flight  deck  level  '  v  eapons  loading. 


Weapor  .  •  v  from  magazine  and  assembly  areas  (located  at 


the  hold  level,  second  platform  level,  and  first  platform  level)  to  the 


weapons  rearming  station  (see  figure  34).  The  forward  lower  stage 


(LS)  elevators  number  1,  2,  3  and  4  shuttle  weapons /skids  from  hold 


and  second  platform  to  the  second  deck  level.  The  forward  upper 


stage  (US)  elevators  number  11,  12  and  13  move  the  weapons /skids 


to  the  main  deck  level  where  they  are  loaded  onto  weapons  elevators 


A  cr  B  which  feeds  the  rearming  station. 


Aft  LS  elevators  number  5,  6  and  7  shuttle  the  ordnance 


from  hold,  the  first  platform  and  second  platform  levels  to  the  second 


deck  level.  There  the  ordnance/skids  are  transferred  to  US  elevators 


number  14  and  15  for  strike  up  to  the  main  deck.  On  the  main  deck 


117 


the  ordnance /skids  move  along  conventional  routes  to  weapons  ele¬ 
vators  A  and  3  below  the  rearming  station, 
d.  Manpower 

Analysis  shows  that  the  following  work  teams  are  required 

for  manning  the  two  make  -  -  ^  cuv;.  ull  .r.  v.er.t  areas. 

Table5.  Baseline  liearming  Station,  Below  Flight  Deck 
Manpower  Requirement 


Ope  ration 

C  rew 
No. 

Manpowe  r 

(1)  MAKE-UP  AREA  NO.  i  - 

1 

o  Ordnance  Handling  and 

Load  weapons /skids  on  the 

Alignment  Specialists 

ordnance  pallet,  align  the 

weapon  lugs,  secure  the 

1  Make-up  Area  Coorai- 

ordnance  pallet  on  the  eie- 

nator  and  Controller 

vator,  accomplish  final 

alignment  and  weapon  move- 

me.nt  for  ordnance  loading. 

return  to  make-up  area  with 

the  ordnance  pallet. 

(?)  MAKE-UP  AREA  NO.  2  - 

2 

6  Orduarce  Handling  and 

Same  type  duties  as  Crew 

Alignment  Specialists 

Number  1 

* 

i  Make-Up  Area  Coorai- 

nator  ana  Controller 

Rearming  Personnel 

Below  Flight  Deck 

i  -t 

Sequence  of  Operation 
(1)  introduction 

Analysis  results  mc.vuu.  that  for  a  small  to  medium 
si/.e  strike  mission  one  weapons  fiurnqnj  station  can  complete 
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rearming  station.  Flow  processes  &nc  ac.ivity  on  the  Fight  cleci< 
are  documented  in  Section  V-E.  3.  Summariaedjthese  activities 
are  as  follows: 

(a)  A  preconfigured  aircraft,  on  the  flight  deck,  is 

moved  to  a  preloading  station,  preloading  prepara¬ 
tion  is  accomplished,  the  aircraft  is  moved  into  the 
loading  station,  positioned  and  secured,  ordnance 


(2)  Make-Up  Areas  Operational  Requirements 

Figure  35  outlines  the  general  sequential  requirements 
for  below  flight  deck  operations.  Analyses  indicate  that  four  and 
one-fourth  minutes  are  required  to  make-up,  align  and  move  en 
ordnance  pallet  on  the  rearming  elevator.  Raising  the  ordnance 
pallet,  loading  the  weapons  and  lowering  the  ordnance  pallet  re¬ 
quire  two  and  one-half  minutes.  Simultaneous  operations  are 
accomplished  in  make-up  area  number  1  and  number  2  thereby 
adding  a  high  degree  of  redundancy  and  reliability. 

Figure  36  illustrates  the  sequential  requirements  from 
a  weapons  strike-up  viewpoint.  The  hardware  flow  for  meeting 
these  requirements  are  outlined  below. 

(3)  Operational  Sequence 

Various  operational  sequence  and  make-up  area  configu¬ 
rations  were  investigated.  One,  two  and  three  ordnance  eleva¬ 
tors  feeding  the  make-up  areas  were  analyzed.  One  elevator, 
even  an  oversized  20  foot  by  20  foot  elevator,  feeding  the  two 
make-up  areas  resulted  in  loading  delays  and  limited  operational 
flexibility.  Three  ordnance-feed  elevators  reduces  the  elevator  ■ 
cycle  time  and  adds  operational  capability;  however,  the  third 
elevator  adds  little  capability  to  a  two  feed -elevator  concept. 

The  two  fee$  elevator  concept  was  selected  and  used  in  defining 
the  baseline  operational  sequence. 
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MING  STATION  WITH  BI-LEVEL  MAKE-UP  AREAS 
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SEQ  GENERAL  SEQUENCE 

NO.  BELOW  FLIGHT  DECK  LEVEL 

12  RAISE  EMPTY  ELEVATOR  -  1  FLOOR 

13  MAKE-UP,  ALIGN  &  MOVE  OP2  &  MOVE  ONTO  ELEVATOR 

14  RAISE  OP2,  LOAD  WEAPONS  &  LOWER  OP2 

15  UNLOCK  OP2  FROM  ELEVATOR  &  MOVE  TO  MAKE  UP  AREA  #2 

16  LOWER  EMPTY  ELEVATOR  -  1  FLOOR 

17  MAKE-UP,  ALIGN  &  MOVE  OPj  ONTO  ELEVATOR 

18  RAISE  OP1 ,  LOAD  WEAPONS  &  LO\  *ER  OPj 

19  UNLOCK  OPj  FROM  ELEVATOR  &  MOVE  TO  MAKE-UP  AREA  #1 

20  RAISE  EMPTY  ELEVATOR  -  1  FLOOR 

21  MAKE-UP,  ALIGN  &  MOVE  OP2  ONTO  ELEVATOR 

22  RAISE  OP2,  LOAD  WEAPONS,  LOWER  OP2 

23  UNLOCK  OP2  FROM  ELEVATOR  &  MOVE  TO  MAKE  UP  AREA  *2. 

24  LOWER  EMPTY  ELEVATOR  -  1  FLOOR 

25  MAKE-UP,  ALIGN  &  MOVE  OPj  ONTO  ELEVATOR 

26  RAISE  OPlt  LOAD  WEAPONS,  LOWER  OPj 

27  UNLOCK  OPi  FRO??  ELEVATOR  &  MOVE  TO  MAKE-UP  AREA  T/ 


FIGURE  35.  TIME  SEQUENCE  CHART  -  REARMING  STATION  BI-LEVEL 
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TIME  MINUTES 


FIGURE  36.  SEQUENTIAL  REQUIREMENTS  FROM 
WEAPONS  STRIKE-UP  VIEWPOINT 
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A  number  of  techniques  was  investigated  for  shuttling 
the  empty  skids  off  and  the  loaded  skids  on  the  ordnance  pallet. 

An  inherent  problem  is  that  the  empty -re turning  skids  interfere 
with  getting  the  loaded  skids  on  the  ordnance  pallet. 

One  solution  is  to  provide  a  temporary  storage  area  for 
the  empty  skids;  however,  this  solution  uses  valuable  03  level 
and  01  level  ship  volume. 

Another  solution  is  to  cycle  all  empty  skids  to  the  main 
deck  level,  eject  them,  move  the  loaded  skids  on  the  ordnance 
elevators  and  raise  them  to  the  make-up  area  level.  The  "extra 
elevator  cycle"  technique  delays  the  ordnance  make-up  and  total 
weapons  loading  process  and  is  therefore  unattractive. 

The  technique  selected  for  eliminating  the  skid  interfer¬ 
ence  problem  is  shown  schematically  in  figure  37.  Three  empty 
skids  are  removed  from  a  make-up  area  and  cycled  to  the  main 
deck,  and  three  loaded  skids  are  rolled  onto  the  ordnance  pallet. 
The  second  three  empty  skids  are  removed  from  the  ordnance 
pallet  and  cycled  to  the  main  deck.  While  the  first  three  loaded 
skids  are  positioned  and  aligned  the  remaining  three  loaded 
skids  are  delivered  to  the  make-up  area  for  positioning  and  align¬ 
ment.  This  skid  strike-up/strike-down  technique  eliminates  de¬ 
lays  in  the  make-up  area  and  allows  a  longer  iirnc  interval  for  ele¬ 
vators  A  and  B  to  complete  a  cycle. 
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Figure  38  is  a  multiple  activity  chart  of  operations 
from  the  make-up  area  levels  to  the  main  deck.  As  mentioned 
earlier  the  technique  for  eliminating  empty  and  loaded  skid  inter¬ 
ference  is  one  of  the  more  critical  operations.  It  can  be  noted 
that  the  idle  time  is  evenly  distributed  and  relatively  small.  At 
preser  c  operations  of  the  pallet  make-up  crews  are  critical  items 
which  tend  to  limit  the  below  deck  operations.  Some  techniques 
for  reducing  the  work  load  and  speeding  up  the  make-up  and 
alignment  operation  are  as  follows: 

«  Adding  conveyors  for  moving  the  loaded  skids  from 
the  elevator  on  to  the  ordnance  pallet 

•  Providing  automated  and  power  driven  mechanisms 
for  moving  the  lift  tables  forward 

•  Incorporating  power  driven  weapon  support  fixture 
adjustment  mechanisms  rather  than  using  hand- 
driven  mechanism 

•  Adding  a  feedback  network  for  interfacing  over¬ 
head  alignment  fixture  read-out  with  weapon  sup¬ 
port  fixture  adjustment  mechanisms. 

Any  of  these  modifications  can  be  incorporated  without 
changing  the  basic  unit  ioad  rearming  station  design. 

An  item  by  item  breakdown  of  below  flight  deck  rearm¬ 
ing  operations  which  is  contained  in  Flow  Process  Chart,  figure  59 
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in cuts 


FIGURE  as).  PLOW  PROCESS  CHART  (Cont’d) 


FIGURE  39.  FLOW  PROCESS  CHART  (Cont'd) 


is  based  upon  the  -’'worst  case  loading"  of  the  A -7  aircraft.  A 
high  degree  of  flexibility  of  individual  operations  exists  without 
changing  the  overall  loading  schedule. 

3.  Flight  Deck  and  Overall  Operations 

a.  Introduction 

This  section  defines  the  work  crews,  and  operations  on  the 
flight  deck  and  the  overall  operations  of  a  baseline  weapons  loading 
station. 

b.  Manpower  and  Crew  Data 

The  manpower  and  crew  make-up  necessary  for  accomplish¬ 
ing  flight  deck  operations  ire  as  outlined  in  figure  40  and  as  defined 
below. 

Table  6.  Baseline  Rearming  Station  Flight  Deck  Manpower 


"1 

Operation 

Crew 

Designation 

Manpower 

(1)  Move  a  preconfigured  aircraft 
spotted  on  the  flight  deck  out¬ 
side  the  loading  station. 

A 

2  Tow  Truck  Drivers 

2  Assistants 

4  Wing  Walkers 

(2)  Perform  preloading  preparation 
(outside  rearming  station) 
equivalent  to  that  outlined  by 
reference  16. 

B 

4  Preloading 
Specialists 

(3)  Ordnance  loading  superviswn./ 
coordinator. 

- 

1  Loading  Officer 

(4)  Perform  post  loading  prepara¬ 
tion  equivalent  to  that  outlined 
by  reference  16. 

C 

4  Post  Loading 
Specialists 

(5)  Move  loaded  aircraft  and  spot 
on  flight  deck  for  launch. 

A 

2  Tow  Truck  Drivers 

2  Assistants 

4  Wing  Walkers 

j  Rearming  Personnel  on  Flight  Deck 

L— —  ■  ■„  i  ,  ,  -■  i  ■■  -  .  .  .  —  i.  i  — 

Li! _ 1 
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P RELOADING  PREPARATION 


NOTE; 

ONE  TOW  TRUCK  DRIVER  AND 
ONE  ASSISTANCE  OP  TEAM 
"A”  AKE  HOOKING  UP  TO  NEXT 
AIRCRAFT  AND  ARE  NOT  SHOWN 
IN  THE?  FIGURE. 


LOADING 


POST  LOADING  PttPAJtATlON 


e  a 


FIGURE  40.  FLIGHT  DECK  WORK  STATIONS  FOR  UNIT  LOAD  REARMING  STATION 
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The  manpower  and  crew  make-up  to  support  the  unit  loader 
below  the  flight  deck  were  defined  in  the  preceding  section,  table  5. 
Twelve  workmen  and  two  coordinators/controilers  constitute  the 
below  flight  deck  manpower  for  the  weapons  station.  The  manpower 
for  operating  one  weapons  loading  station  is  estimated  to  be  thirty- 
nine,  25  on  flight  deck,  14  below  flight  deck, 
c.  Sequence  of  Operations 

An  operational  sequence  of  events  has  been  established 
which  relates  activities  on  the  flight  deck  and  in  the  make-up  areas. 
The  time  for  the  major  operations  of  the  baseline  rearming  station  is 
•shown  in  figure  41.  These  time  estimates  were  obtained  by  breaking 
down  the  individual  movements  of  workmen  .and  equipment  and  are 
believed  to  be  conservative  with  a  potential  for  further  optimization. 

The  interrelationships  of  the  rearming  station  are  a  critical 
factor.  That  is,  change  ox  one  operational  method,  sequence,  or  time 
can  have  a  "snowballing”  effect  on  other  functions  ar.d  die  overall  load¬ 
ing  lime,  ship  volume  and  manpower  required.  In  developing  an  over¬ 
all  sequence  of  events  several  iterations  were  necessary  to  arrive  at 
a  synchronization  of  on  flight  deck  operations  and  below  flight  deck 
operations.  In  some  cases  speeding  u  >  one  operation  actually  re¬ 
sulted  iu  a  conflict  of  hardware  flow/manpowe  .  availability  and  re¬ 
sulted  in  reducing  the  overall  loading  efficiency.  Figure  42  is  a  sim¬ 
plified  sequence  of  rearming  station  events  re lati- ^  weapons  flow  ard 


aircraft  movements. 


a  34 


FIGURE  41.  OPERATIONAL  PROCESS  CHART  -  BASELINE 
REARMING  STATION 


<wwm. 


A  multiple  activity  chart  of  the  overall  loading  operations 


for  one  typical  cycle  is  shown  by  figure  43.  This  activity  chart  forms 


a  baseline  sequence  of  operation  for  use  and  further  optimization  as 


the  rearming  station  hardware  is  developed. 
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APPENDIX 


A -I.  SELECTION  OF  ALIGNMENT  AND  SUSPENSION  CONCEPT  DATA 

This  Appendix  contains  data  used  in  the  selection  of  baseline  con¬ 
cepts  for  supporting  the  aircraft  over  the  rearming  station  and  for  align¬ 
ing  the  aircraft  'tnd  weapons  pallet. 
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FIGURE  A -3  REARMIRG  OPERATION  USING  COLUMN  SUPPORT  CONCEPT- 
MULTIPLE  ACTIVITY  CHART  1  44 
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2.  Baseline  Alignment  Concept 


i  OBJECTIVE 

t 


To  synthesize  a  baseline  alignment  system  for  the  Unit 


Load  Rearming  System. 
APPROACH 


Select  best  elements  of  concepts  defined  in  Chrysler 
Report  HGS-R5Z-70. 


ASSUME 

An  aircraft  is  preconfigured  and  -ready  for  ordnance  loading. 
DEFINITION 

1.  Position  It  Secure  Aircraft 


Such  that  A/C  structural  jig  points  Ji  and  J 2  coincide  with 
on-deck  index  points  Ij  and  whose  positions  are  accurately 
known  X,  Yr  and  Z,  with  respect  to  a  carrier  structural  jig  point. 


A/C  positioning  goal  with  respect  to  I,  &  L* 

£ 

2 


i 

~L ^ 

Carrier  Structural 


X&Y+  1/2"  &  Z+  1.  5" 


y  Aircraft  Structure 


NOTE;  j-o.cation  of  A/G  Bomb  Rack  lugs  is  accurately  known 
X,  Y  and  Z  with  respect  to  A/C  jig  points  3^  and 
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II.  -ALIGN  fir  SECURE  ELECATOR  INDEX  POINTS 


Position  two  conical  indexing  pins  &P  on  elevator 
with  respect  to  fixed  structural  jig  points  on  night  deck  I,  fc  1 


Alignment  of  elevator  indexing  pins  to  L  &  I  points  is 
X.  r  +  0, 02. 


SENSOR 


SENSOR 


Indexing  Pin 


Elevator 


ALIGN  WEAPON  SUPPORT  LUGS  TO 
ORDNANCE  PALLET 


Weapon  support  lugs  are  positioned  &  secured  in  a 
pattern  identical  with  Bomb  Rack  Lugs  on  A/C  to  be  loaded.  . 

ACCOMPLISHED  BY 

Ordnance  is  loaded  on  and  secured  to  weapon  support 
fixtures. 

The  weapon  support  fixtures  are  located  in  the  approx¬ 
imate  locations  with  respect  to  the  weapons  pallet  by  manually 
positioning  the  respective  lift  table. 

A  mechanical  alignment  fuxture  is  lowered  from  overhead 
ft  matched  with  index  points  fc  on  the  ordnance  pallet 

Top  section  of  weapon  support  fixtures  are  adjusted 
X,  Y  ft  Z  and  in  pitch,  roll  &  yaw  until  weapon  support  lugs 
a? ign  with  the  corresponding  alignment  fixture  points. 


-Alignment  Fixture 


IV.  ORDNANCE  PALLET  ALIGNED  ON  ELEVATOR 


1.  GENERAL 

Metal  wheel/  guide  tracks  on  elevator  are  used  for 
genrrai  positioning'  of  ordnance  pallet.  Y  +  OL  5"  • 

Ordnance  pallet  moves  forward  against  general 
positioning  pin  X  +  1. 0. 


2.  REFINED  ALIGNMENT 

Conical  pins,  aligned  in  section  II,  of  this  appendix, 
move  upward  on  elevator  engaging  incones  on  ordnance 
pallet  and  force  pallet  into  alignment. 


V.  FINAL  ALIGNMENT  VERFICATION  &  ADJUSTMENT 


Elevator  raises. loaded  and  aligned  weapons  load  untu; 
weapons  support  lugs  are  2  to  3  inches  below  bomb  rack  lugs. 


Verification  is  made  that  each  Weapon. support  lug  is 
aligned  with  'associated  bomb  rack  lug  within  allowable 
envelope. 


Indeividual  weapon  support  fixtures  are  adjusted  if  and 
a>'  necessary. 

VL  LOADING 

Weapons  are  raised  until  weapon  support  lugs  lock  into 
aircraft  bomb  rack  lugs  by: 

1}  Raising  ordnance  pallet  with  elevator  or 

2)  Raising  individual  weapon  support  fixtures. 
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*A -II .  AIRCRAFT  SUPPORT  CONCEPTS  -  PRELIMINARY  MEMBER 
SELECTION  AND  WEIGHT  COMPUTATIONS 

The  three  aircraft  support  concepts  were  analyzed  and  a  preliminary 
weight  estimate  made  to  enable  a  comparison  based  on  added  ship  weight. 
These  computations  are  based  on  the  early  rearming  station  concepts  and 
dimensions^  and  were  used  only  in  selection  of  the  baseline  aircraft  sup¬ 
port  concept.  Shock  loading  has  not  been  considered.  However,  the  air¬ 
craft  support  concept  selected  as  a  baseline  was  analyzed  for  shock  re¬ 
quirements  and  these  computations  are  presented  in  Section  A -III  oi  the 
Appendix. 

A.  CGNCEPT  "A"  {Extendible  Beams  &  Bridge  Support  Concept) 

A  sketch  of  Concept  A  is  shown  below. 


Refer  to  table  A-l  and  figure  A -7  for  A  &  13  Dimensions. 

(I)  The  twenty-eight  feet  width  of  the  rearming  station  was  subsequently 
increased  to  thirty-two  feet. 

A- 17  * 
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The  maximum  possible  deflection  of  the  main  gear  extendible  beams 
occurs  during  A-6  aircraft  loading,  with  a  maximum  T.  Q.  weight  of 
60,626  lbs.  For  the  nose  gear  bridge,  the  maximum  moment  will  occur 
when  the  bridge  is  supporting  the  main  gear.  The  moment  depends  on  the 
wheel  track  and  weight  of  the  aircraft  and  are  tabulated  below. 

Table  A-l.  Aircraft  Weights  and  Landing  Gear  Dimensions 


m. 


£ 

A/oS  £ 
GE/1R 


wm 

WA 


m. > 


hLG 


Dimens 

Ion 

Mtix*  T •  O- 

Empty 

Aircraft 

"A" 

"B” 

Weight 

Weight 

t 

A-4 

94”  (7.8’) 

143”  (11.  9’) 

24, 500 

10.000 

A-6 

130”  (10.8') 

204”  (17.0') 

60,626 

25.684 

A-7 

114”  (9.  5’) 

188"  (15.  7«) 

42,000 

18,000 

- 

F-4 

214”  (17.  8’) 

278"  (23.2') 

54, 600 

27,626 

F-14 

192”  (16.  O’) 

276”  (23*) 

53,000 

36,000 

A -19 

1.57 


■as 


A  -4 


a  _  10.4  (121) 
ilmax 


mav - T~  <338.  668  *  4  (121)6) 

max  720  x  10^(1) 


Amax^T  *  Mmax  =  i0‘<  <121>  =  1260  in*k 


A  -6 


25.8  (103)  , 

37^  (338,668  -  4  (103)2) 


max  720  x  10^(1) 


1094 


Amax  =  T  ’  M max  =  25*  8  (103>  =  2660  in-k 


l-7 


A max  =  -JZ-tlil  *11  (338,668  -  4  (111)2) 

720  x  10^(1) 

,  800 

Amax  “  i  ’  ^max  =  ^*9  (111)  -  1985  in-k 


F-4 


A max  =  -3'-2  (338,668  -  4  (61)2) 

720  x  10  (I) 

Ama.x=—  '  =  23.2  (61)  =  1415  in-k 


max 


F-14 


Amax  =  (6]}  ■  (338,668  -  4  (67)2) 

720  x  10J(I) 

Amax=7  ■  Mmax  =  22.5  (67)  =  1510  in-k 


Maximum  deflection  is  for  A -6  loading. 

A  _  1094 

uma.\  ~ - —  in 

I 


A  =  2880  in_k 

‘-*1  max 
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Assume  a  maximum  allowable  deflection  of  1/2"  for  the  nose  gear  bridge 
Then, 


lreq.d  =  12.21  =  1221  =  2188  in2 
r  q  &  0.5 


Assume  a  24"  \VF  for  weight  and  stress  purposes. 


I  2188  in4 


sreq'd  =  c  lz  ln  *  182  in 


Use  24  \VF  84,  S*  =  196.3  in 


-3 


f,  =  M.  a  =  13.  5  ksi 


196.3 


Fb  -  0.6  (Fy)  =0.6  (36)  =  21.6  ksi  {A -36  steel) 

21.6 


MS  = 


13.5 


1  =  0.6 


For  the  main  gear  extendible  beams,  the  maximum  deflection  and  stress 
conditions  are  for  an  A -6  with  gross  weight  of  60,  626  lbs. 

Pi  =  25.8  kips  ,  14'  (maximum) 


A  =  Pi3  =  25.8  (168") 

dsax  tkt  a  v-  in  -v-  in- 


A 


l!|  3 

3l  3  x  30  x  103(I) 
1360 


max 


I 


,  Limiting  A  max  tr>  1/2", 


I  =  2720  in4  ‘ 


Assume  a  24  WF  Beam 

Sraq»d  =  I/C  --  2720/12  =  227  in3 
The  most  economical  section  with  S  >  227  is  a  27  vVF  94,  5  =  242.  8  in 
Sreq  d  =  2720/13.  5  =  201  in3 
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'§ 
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'■x 
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3d 


.-3 
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■-1 


JS>£Art£ 


A/ffSB  <*£/*&. 
&rz/Dc,e 


P/3  .  9. 1  {336) 


a 


max  "  4SEI  48  jc  30  x  10^(1) 

_  9.1  (26.  3)  _  239.5 
1  max  i  i 


-4 


For  1/2"  max  deflection  at  center  of  the  bridge  beam,  I  =  479-0  in' 

Try  an  18"  \VF  beam,  Sreqij3  =  -  53.4  in3 

The  lightest  section  is  a  16  \VF  36, 

S  ,d  =  =  60  in3 

req'a  8 

Try  16  WF  40,  Sx  =  64.4  in3 


- .  PX  9,  1  (336)  .  , 

M  = -  = - 1 - -  -  *64.4  m-k 

4  4 

-  —  -  *^4.  4 
l'°  ~  S  ~  64.  4 


Fb  =  0.6  F  =  0.6  (36)  21.6 
Use  16  WF  40 

Allow  additional  beam  length  for  detailing  attachment  to  deck. 
Weight  Calculations: 

2  x  99s /ft  x  40*  =  7920  lbs 
1  x  40# /ft  x  30'  =  1200  lbs 


Total  =9120  lbs 


:C.  CONCEPT  "C"  (Column  Support  Concept) 


Aircraft  support  positions  for  this  concept  are  shown  in  figure  A -9. 
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Assume  a  maximum  column  load  =  85%  of  1/2  the  maximum  take-off 

weight  of  the  governing  aircraft.  (In  this  case,  the  A -6  aircraft.) 

pmas  =  0.  85  x  1/2  (60,  626  #)  =  25.  75  kips 

Assume  a  maximum  list  or  roll  angle  during  unit  loading  of  +20°.  The 

column  loads  are  therefore  equal  to  Pmax  sin  20°  and  Pmax  cos  20°. 

» 

Pa 

~  =  Pmax  cos  20°  “  25.  75  (0.  94)  =  24.  2  kips 
\  =  P_,v  sin  20°  =  25,75  (0.34)  =  8.75  kips 


AIRCRAFT 


W  =  17.5  k 
Pa  =  48.  4  k 
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If  a  tubular  section  is  used,  the  bending  moment  due  to  the  transverse 

load  will  govern  the  design. 

M  @  base  of  column  8.  75^  {15*  x  12)  =  1575  in-k 

JSreq'd  sM/f^  Assuming  Al>6  steel,  fb  =  21.6  ksi 

Try~  12"  0,  1.0"  wall,  A36  steel  pipe  (double  extra  strong) 

A  =  36.  91  in2,  r  =  4.  17 

...  I:  =.  A r2  =  36.91  (4. 17) 2  =  642  in4 

S  I/C  =  642/6  =  107  in3 

Ik  =  M.  =  JJLZJi  =  14.  7  ksi 
S  107 

Use  12"  0,  1.0"  wall  for  last  section,  and  for  weight  estimates,  assume 
that  the  entire  15'  length  is  12"  0. 

15’  x  2  x  125  ppf  =  3750  lbs. 

Try  using  6061-T6  seamless  aluminum  tube  for  the  3  sections. 

=  24  ksi  (Alcoa  Aluminum  Handbook,  Specifications  for  6061-T6, 
Appendix  II,  p.  42) 

Largest  commercially  available  extruded  tube  is  a  12.75"  o.  d.  with  1/2” 
wall  i 


L4  ~  d 
32  d, 


1 

1 

.  1 

dx  -  12. 75 

pz~  dl 

I 

d2  =  H.  75 

i 

— t 

R  _  5.875 

t  =  0. 5 

754-  11. 754) 

32  (12.75) 
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-^Cr^- <  <%‘  /  v  -Vf  vs*^-;  *5^*- 


3.14  {26,430  -  19,600)  21,450  _  co  c  :_3 

S“  32  (12.75)  408  *  l° 


Allowable  bending  moment  for  12  3/4"  tube  is 
Majiov  =  32.  5  *n^  x  24  ksi  =  1260  in-k 
Beam  length  before  allowable  stress  is  exceeded  is 
X  =(l260  in-k/12  in/ft)x  8.  75  k  =  12  feet 
Use  gussets  as  shown  below  to  stiffen  the  tube  and  to  provide  required 
section  modulus. 


‘5  172 


2  7/8"  ; 

~  t~ _ r  ~~  J~ 


- 3£,i - *-J 


At  Section  A-A 


M  -  1575  in-k 


^req'd  ~  in-k/24  ksi  =  65.  6  inJ 

=  S  x  C  =  52.  5  in3  x  12.75/2  =  335  in' 


■suffers  =  2  (Ad2)  =2  (1/2"  *  5  1/2 


2")  — —  ^  3 

12  2  . 


^stiffeners  =  in<* 

Uotal  =  ^tube  *  ^stiffeners  =  333  in**  +  “  ^92 


s  =  I/c  =  792/11.875  =  66.7  in3 

Since  the  section  modulus  provided  exceeds  that  required,  a  12  5 /4" 
tube  with  stiffener  gussets  is  O.  K.  at  Section  A-A. 

At  Section  B-B 


M  =  8.  75  k  x  12  ft  x  12  in/ft  =  1260  tn-k 
Sreq'd  =  1260  in-k/24  kst  =  52.  5  in3 

w  *  in4 

'stiffeners  »  2  <*<i2)  =  2  <1/2  x  2  7/6”) 

'stiffeners  *  2-  875  <“>■»»  ">4 
'total  *  335  +  175  =  510  !"4 


S  =  510/9.25  =  55.2  in3 

Since  the  section  moduluq  provided  exceeds  the  section  modulus  re¬ 
quired,  a  12  3/4"  tube  with  stiffener-gussets  is  O.  K.  at  Section  B-B. 
Use  12  3/4"  0  extruded  tube  for  last  section.  Since  the  tubes  must 
telescope,  use  II  3/4"  for  middle  section  and  10  3/4  for  last  section. 
All  cube  will  be  1/2"  thickness. 

Weight  Estimate: 

2  2 

12  3/4"  O.D. ,  1/2"  Wall,  A  =  7T-d*  "  dZ  j 

4 

A  =  0.7S5  (F2T752  -  11.  752) 


*  A  =  0.785  (  24.5)  =  19.25  in2 

W  ^  1.  175  »/in2/ft  (19.25  in2)  =  23.2  j/ /ft. 

Assume  total  length  of  15’  is  12  3/4  0  for  purposes  of  weight  estimates 
15'  x  2  x  23.  2  #/ft  =  696  //. 


16*9 


A  -3 1 


Column  adjustment  to  accommodate  the  A-4,  A-6,  A-7,  F-4  and  F-14 
aircraft.  (Refer  to  figure  A-8. ) 

Longitudinal:  11.9'  to  23*  =  11.1* 

Lateral:  3.  9'  to  8,  9'  =  5' 

If  the  columns  are  movable  within  an  envelope  of  these  limits,  the 
loading  station  will  handle  any  aircraft  with  gear  locations  within 
these  limits. 

LATERAL 

COLUMN  ADJUSTMENT  4 
ENVELOPE  - — 


Base  JL«  is  24"  x  24"  x  1"  -  v/g",  =  28.  22  #/ ft  (Alcoa  Handbook,  p.  253) 
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A -III.  AIRCRAFT  SUPPORT  CONCEPT  "3" 


The  main  gear  support  beams  and  nose  gear  bridge  will  be  prelimi¬ 
narily  sized  in  order  to  detjrmine  clearances  and  weights  for  the  air¬ 
craft  support  system.  The  beam  sizes  for  bath  the  single  pass  and  two- 
pass  (baseline)  rearming  station  concepts  will  be  determined. 

The  given  calculations  are  based  on  the  length  (38 *  -  6*1}  and  width 
(32')  of  the  single  pass  station;  With  the  two-pass  baseline  station  con¬ 
cept,  the  main  gear  beam  is  reduced  to  28' -9”  and  the  section  modulus 
requirement  will  be  greatly  reduced.  The  nose  gear  bridge  length  will 
not  change,  consequently,  the  beam  size  will  remain  the  same.  The 
calculated  sizes  are  used  as  preliminary  sizes  for  both  the  single-pass 
and  two-pass  techniques  of  rearming. 

The  maximum  conditions  for  the  aircraft  support  beam  design  are 
the  shock,  loading  requirements  outlined  in  "A  Guide  for  Design  of  Shock 
Resistant  Naval  Equipment,"  NA VSHIPS-250-660-30.  From  a  static 
analysis  of  the  main  gear  support  beams  in. Appendix  A -I,  it  was  de¬ 
termined  that  a  30  \VF  99  beam,  ASTM-A36  steel,  would  be  required. 

A  16  WF  4G  was  selected  for  the  nose  gear  bridge.  With  these  beams 
as  a  starting  point,  beam  sizes  required  for  shock  loadings  will  be 
determined. 

In  NAVSHIPS  250-660-30,  Che  effect  of  shock  loading  is  considered 
by^  determining  a  dynamic  conversion  factor  (DCF)  ana  applying  this 


factor  to  the  static  loads.  The  DCF  is  based  on  various  parameters  and 


allows  for  adjustments  based  on  judgments  concerning  the  yielding  of 


the  material,  the  weight  of  the  system,  and  dynamic  strength  of  tl 


materials,  among  other  factors. 


For  a  structure  which  can  yield  slightly  without  adverse  affect, 


the  resultant  DCF  is  taken  as  2/3  of  the  calculated  DCF.  The  maximum 


static  stress  multiplied  oy  the  resultant  DCF  must  then  be  less  than  the 


yield  stress  of  the  material. 


Each  main  gear  support  beam  must  be  capable  of  carrying  1/2  the 


maximum  gear  load  for  the  A -6  aircraft.  It  is  assumed  that  85%  of  the 


aircraft  weight  is  distributed  to  the  main  gear  and  15%  to  the  nose  gear. 


Max  beam  load  =  85%  (1/2  x  Max  T.O.  Wgt) 


=  85%  (1/2  x  60,  6Z6  lbs) 


=  25,750  lbs  Use  26  k 


The  shear  and  moment  diagrams  for  this  load  are  shown  below. 
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It  is  assumed  that  the  ends  will  be  simply  supported,  the  beams  w*ll  be 
ASTM-A242,  A440,  or  A441  structural  steel  with  a  yield  point  of  50  ksi, 
and  a  30  WF  99  will  be  used  for  the  initial  iteration. 


For  30  WF  99,  I  =  3988.6  in4,  E  =  30  x  106  psi.  From  Appendix  C, 
NAVSHIPS  250-660-30,  the  natural  frequency  of  a  simply  supported  beam 
with  a  concentrated  mass  is: 


f  =  3.  13 


El 

<1  <W(  +  we) 


,  where  q  =  ;  k  = 

k  Z 


W_ 

st 


\V.  =  weight  carried  by  the  beam,  lbs. 

We  =  total  weight  of  structural  member  having  distributed  weight,  lbs 
k  =  member  stiffness,  lbs  /in 
Zgt  =  static  defection,  in 
For  the  main  gear  support  beams, 

W.  =  26  k,  W  =  99  lbs /ft  x  38.  5  ft  =  3812  lbs 


El 


W 


“St 


\V. 


^L,  -  48  EI/£3 

TP 


48  El 


El 


n  48  ElljL 
f  =  3.  13 


77?  =  £3/48 


N 


30  x  106  x  3988.  6 


(462) 


I)*  r  17  1 

f-  126,000  <3812)1 


4H 

f  =  4.  44  cps 

Jteferring  to  Figure  2.  10,  NAVSHIPS  250-660-30,  the  resultant  dynamic 
conversion  factor  for  a  total  weiyH  of  26.  000  +  3820  =  29,  820  lbs  is 
estimated  at  6  for  a  frequency  of  5  cps.  Assuming  that  slight  yielding 
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Tolerating  slight  yielding,  DCF  =  2/3  x  9  or  DCF  =  6. 

Dynamic  load  =  9100  lbs  x  6  =  54,  600  lbs 
M  =  54.  6  k  (192”)  =  10,480  in-k 

c  10,480  in-k  _  OAft+  .  3 

req  d  Fy  50  ksi 

The  16  WF  40  beam  provides  a  Sx  =  64.  4,  therefore  it  will  not  meet  the 
shock  requirements.  Determine  the  configuration  of  a  box  beam  to  pro¬ 
vide  the  required  section  modulus. 

A  width  of  36  inches  has  been  allowed  for  the  nose  gear  bridge.  The 
depth  mu3t  not  exceed  16  inches  in  order  to  keep  the  beam  depth  from  in¬ 
terfering  with  the  weapons  pallet.  (A  total  depth  of  48”  has  been  assumed 
for  the  aircraft  support  system  in  the  pallet  and  weapon  support  fixture 
design.)  Determine  the  plate  thickness  for  a  box-section,  36  in  wide  x 
16  in  deep. 
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*req’d  *  ^rcq’d  =  209+  in3  in>  =  1672  + 

I  »  2  Ad2  ,  2  A (8)2  =  1672*.  2  A(64)  =  1672 

A  =  1672/128  =  13.06  in2 

A  =  wt  =  36  in  (t)  =  13.06  in2,  t  =  .  t  =  0.36+ 
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for  box-section,  NOSE  GEAR  BRIDGE 


I  =  2  (36  x  1/2)  (8)2  =  2304  in4 
Weight  of  top  &  bottom  HL,  =  61.  2  lbs /ft 
Weight  of  side  EL  (assuming  1/2")  ==  25.5  lbs/ft 
Totai  weight  =  (61.2  +  25.5)  2  =  173.4  Ibs/ft 
W  =  32  x  173.4  =  5548.  8  lbs 


Calculating  the  effect  of  adding  beam  weight  and  increasing  the  moment 
of  inertia, 


f  *  3. 13 


30  x  10°  x  2304 


V  1.  I  X  106  [9100  +  11  (5550)j 


_  ,  ,,  /30  x  2304 
*  'y  l.lxll. 


x  2304 -  -  3.  13  J5.32 

800  Y 


f  =  7.2  ,  from  Fig.  2.  10  NAVSHIPS  250-660-30,  DCF^  8 
Tolerating  slight  yielding,  DCF  =  2/3  x  8 
DCF  =  16/3. 

P  =  9100  #  =  48,  600  lbs 


M  -  48.  6  k  x  192"  =  9,  340  in-k 


..  9, 340  in-k  _ 
brea'd - "  “  187 


50  ksi 


m 


S  provided  by  box  beam  =  I  =  2^4 


S  =  288  in* 
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A -IV.  WEAPONS  PALLET  AND  WEAPONS  SUPPORT 
FIXTURE  MOVEMENT  SYSTEM 

One  concept  for  moving  the  weapons  pallet  on  and  off  the  rearming 
station  elevator  is  a  system  of  low  friction  bail  bushings  and  rails  as 
shown  in  figure  9.  The  ball  bushing  offers  a  coefficient  of  friction  be¬ 
tween  Q.  0011-.  0019  (without  lubrication)  and  the  rails  provide  extreme 
rigidity.  The  weapon  support  fixtures  will  also  be  moved  longitudinally 
and  laterally  by  means  of  the  ball  bushing  and  rail  system. 

The  primary  purpose  of  sizing  the  rail  system  is  to  estimate  weights 
and  to  establish  geometric  envelopes.  The  rail  system  has  been  sized 
for  static  and  rolling  loads  only.  Shock  loads  have  not  been  included 
since  a  dynamic  analysis  of  the  rail  system  is  beyon  the  scope  of  the 
present  study.  However,  the  rails  and  bushings  have  been  purposely 
oversized  to  allow  for  shock  influences. 

For  sizing  the  rails  and  bushings  for  the  weapons  support  fixture, 
it  was  assumed  that  a  maximum  load  of  5000  lbs  will  be  placed  on  the 
lift  table/weapon  support  fixture.  Allowing  200U  lbs  for  the  lift  table 
and  1000  lbs  for  the  weapon  support  fixture,  the  total  load  to  be  sup¬ 
ported  by  the  weapon  support  fixture  rails  is  approximately  8000  lbs. 

The  platform  supporting  the  lift  table /weapons  support  fixture  is  approx¬ 


imately  3'  wide  by  o’  long.  The  rail  spacing  longitudinally  has  been  as 
sunicd  as  12",  and  a  total  of  9  ball  bushings  are  assumed  under  each 
3  x  6  platform.  (See  sketch  below.)  The  ball  bushings  are  envisioned 
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as  being  similar  to  Thompson  Industries,  Inc.  products  and  design  data 
from  Thompson  ‘<s  used  to  size  the  bushings  and  rails. 


The  ball  bushings  will  be  positioned  as  shown  on  figure  10  and  the 
sketch  below. 


To.al  Load  =  '  100  #  +  2000  §  +  1000  #  =  8000  # 

4 

Load /Bushing  =  8000/9  =  888  # /bushing 
Referring  feo  figure  9,  the  maximum  travel  of  the  weapons  lift  table/ 
support  fixture  is  approximately  8  feet.  Assume  that  the  rearming  sta¬ 
tion  will  be  capable  of  leading  one  aircraft  each  3  minutes  and  the  normal 
strike  plan  will  consist  of  rearming  21  aircraft  per  strike  and  3  strikes 
per  24  hour-day.  The  travel  life  can  now  be  computed  based  on  these 
requirements. 

21  A/C  3  Strikes  _  63  A/C 

Strike  "  Day  Day 


In  order  to  choose  a  preliminary  size  for  the  rearming  station  elevator 
support  raiis,  a  weight  estimate  for  all  equipment  above  the  elevator 
rail  level  is  used.  In  figure  12,  the  weight  estimate  is  shown  in  graph¬ 
ical  form  for  the  individual  equipment  supported  by  the  rearming  station 
elevator  rails.  These  rails  will  also  extend  from  the  make-up  area  to 
the  elevator,  a  total  distance  of  approx;mately  48  feet. 

The  weapons /skid  weight  estimate  includes  the  heaviest  ready  ser¬ 
vice  configuration  of  weapons  which  is  6-Mk  82/MER,  AERO  73 A, 

AERO  74A,  AERO  75A  Adapters  and  an  AERO  21A  skid  with  a  total 
weight  of  4575  lbs.  To  be  conservative,  a  5000  lb  weight  is  assumed. 

The  weapon  support  fixture  weight  is  estimated  at  1000  lbs  and  the  lift 
table,  2000  lbs.  The  lift  table  weight  is  based  on  hardware  presently 
available.  It  is  a  dual  cylinder  scissors-type  lift  table  with  a  capacity 
of  8000  lbs  and  lift  height  of  62  inches. 

The  X-direction  weapon  support  fixture  rail  weight  estimate  is  based 
on  previous  calculations  which  indicated  a  2  1/2"  diameter  shaft  would  be 
required.  The  2  1/2"  rails  weigh  1.391  lbs /in  or  16.7  lbs /ft.  A  total 
of  3  rails  are  required  for  each  weapon  support  fixture,  and  a  maximum 
of  4  wing  station  and  1  centerline  station  fixtures  are  required.  The 
total  length  of  each  rail  is  approximately  13  feet. 

Rail  wgt  =  5  x  3  x  13  feet  x  16  7  lbs  /ft  =  3250  lbs. 

A  total  of  9'bushings  are  used  under  each  platform  for  a  total  of  45<  A 
ball  bushing  for  the  2  1/2"  diameter  shaft  weighs  4.24  lbs. 
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Bushing  weight  =  4.  24  x  45  =  191  lbs 

Total  wgt  =  3250  +  191  =  3441  lbs. 

Use  3500  lbs  for  rails  and  bushings. 

The  y-direction  weapon  support  fixture  rails  (see  figure  9  and  10)  are 
assumed  to  have  a  36- inch  spacing.  Since  the  weapon  support  fixtures 
will  be  moved  laterally  only  when  the  type  of  aircraft  to  be  loaded  is 
changed,  the  amount  of  travel  during  a  comparable  2-year  period  of  oper¬ 
ation  for  these  rails  will  be  much  less  than  for  the  longitudinal  (x-direc- 
tion)  rails.  For  purposes  of  this  analysis,  it  will  be  assumed  that  the 
travel  required  will  be  less  than  2  million-inches  to  provide  a  bushing 
life  of  two  years. 

For  a  maximum  loading  condition  of  the  y-direction  rails,  assume 
the  total  weight  of  a  weapon  support  fixture /platform  is  carried  by  three 
y-direction  rails.  Each  y-directiou  rail  has  3  bushings  at  each  x-airec- 
tion  rail  intersection,  so  that  the  total  load  is  distributed  to  9  bushings. 
The  total  load  per  bushing  is  — =  883  #.  This  is  the  same  load  as  pre¬ 
viously  calculated  for  the  x-direction  rails;  therefore,  use  the  same  rail 
and  bushing  size  (2  1/2"  diameter  and  3  3/4"  diameter).  The  weight  of 
the  y-direction  rails  and  bushings  are: 

Total  of  5  rails,  each  28  feet  long,  and  75  bushings  (one  at  each 
intersection  of  the  x-direction  and  y-direction  rails) 

Total  Rail  Length  =  5  x  28  ft  =  140  ft. 

Weight  =  140  ft  x  16.7  lbs /ft  =  2340  lbs 
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Bushings  =  75  x  4.24  lbs  =  318  lbs 

Total  =  2340  +  318  =  2658  lbs. 

Use  4S====f  ^or  Indirection 

The  weapons  pallet  platform  will  most  likely  be  a  trussed  platform 
with  beams  to  support  the  loads  and  lightweight  plate  sections  to  provide 
standing  and  working  space.  For  purposes  of  this  weight  estimate,  how¬ 
ever.  it  will  be  assumed  that  the  total  platform  is  a  steel  deck  3/8" 
thick.  The  weight  per  square  foot  for  3/8"  steel  plate  is  15.3  lbs.  The 
area  of  the  weapons  pallet  is  27  x  14  feet. 

Weight  =  27'  x  14'  x  15.3  lbs /ft  =  5783.4  lbs. 

Use  6000  lbs  for  weapons  pallet. 

The  rearming  station  elevator  rails  will  now  be  sized  based  on  the 
previous  weight  estimates,  using  the  maximum  load  condition  as  the  A -6 
aircraft  with  all  stations  carrying  6-Mk-82/MKR  weapons.  These  fig¬ 
ures  are  given  in  figure  12,  and  result  in  a  total  load  of  52,000  lbs  on 
the  elevator  support  rails.  The  total  distance  traveled  b”  the  weapons 
pallet  in  moving  from  the  weapons  pallet  make-up  area  to  the  rearming 
station  elevator  is  approxirra  tely  48  feet.  During  each  aircraft  loading, 
the  pallet  must  travel  96  feet.  Using  the  same  assumptions  as  before 
for  the  number  of  aircraft  loaded,  the  travel  life  requirements  for  the 
elevator  rails  and  bushings  can  be  determined. 

63  A  1C  96  feet  12  in  _ in 

Day  A/v.  ft  Day 
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Assuming  a  minimum  life  of  2  years  for  the  ball  bushings,  the  travel 


life  required  is:  730  days  x  72,  576  -j— ;  =  53  million  inches 


The  load  capacity  required  for  each  bushing  is  equal  to  the  total  load 


divided  by  the  number  of  bail  bushings.  In  the  longitudinal  direction,  the 


.-ails  are  spaced  s;*  2-foot  centers,  for  a  total  of  13  rails,  and  each  rail 


has  5  ball  bushings  spaced  at  3-foot  intervals  along  the  x-direct.on  ox  the 


weapons  pallet,  as  shown  in  the  sketch  below. 


S' 

»  -  A 

TYP 


BALL.  BUSHINGS 
^  {TYP  65  PLACES) 


tD — tH-  -  ED  ~  ~  ~  ^ 


/!- -  +  r  t‘ - *•+  ~~ r  t*- 

</  /  /  ■  , 

/  ■  .  /  .  z 

-  lr  "7”  /■*•■**  r  4  —  /  -f- 

//  /  /  •//..  '  / 


1 2-*  13.5’ 


SYMMETRICA 
ABOUT  q. 


v'.a»^3»  ?*?>  \* 


With  this  spacing  of  rails  and  bushings,  each  bushing  must  carry 

5->1?-°.9  Ife?  =  800  lbs. 

65 

For  the  53  million-inch  travel,  life,  and  with  Rockwell  60C  rails,  the  load 

correction  factor,  Kj^,  as  given  in  Thompson  Industries  design  data,  is 

equal  to  approximately  0.35.  Also  from  Thompson  Industries,  the  load 

correction  factor,  Kpj,  is  equal  to  1.0  for  Rockwell  60C  hardened  shafts. 
„  _  ....  Load  capacity  req’d  . 


Roiling  load  capacity  = 


K L  *  KH 


300  lbs 

Rolling  load  capacity  = -  =  £280  lbs. 

0.  3..  x  1.0 

The  smallest  bushing  providing  the  rolling  load  capacity  is  a  4"  inside 
x  6"  outside  diameter,  a  4“  diameter  rail  which  has  a  rolling  load  capacity 
of  3800  lb3.  The  bushing  weight  is  17.25  lbs  and  the  rail  weight  is  3.56 
lbs /inch  cr  42.72  lbs /foot. 

For  weight  estimates,  use  65  -  6"  O.  D.  bearings  and  the  2-foot  rail 
spacing.  The  maximum  rail  length  is  approximately  64’  (for  single-pass 
rearming). 

Rail  weight:  12  rails  x  C4’  x  42.  72  lbs /ft  =  35,  500  lbs 

Bushing  Weight  =  65  bushings  x  17.25  lbs  =  1120  lbs. 

Total  Weight  =  36,  620  lbs. 

Note  that  the  rail  system  has  been  sized  for  the  extreme  case,  i.  e. ,  for 
single  pass  rearming,  which  results  In  the  maximum  distance  from  the 
make-up  area  to  the  rearming  station  elevator  and  ior  one  make-up  area 
at  one  level.  For  the  station  concepts  using  two  weapons  pallets  and  two 
make-up  areas,  the  travel  life  of  the  rails  and  bushings  should  double. 
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As  seen  by  the  above  weight  estimates,  the  rearming  station /make -up 
area  rails  account  for  the  largest  percentage  of  the  total  rail  system 
weight.  Therefore,  a  significant  weight  savings  could  be  realized  by 
using  an  alternate  scheme  for  shuttling  the  weapons  pallet  from  the  make¬ 
up  area  to  the  rearming  station  elevator.  One  alternative  is  to  use  an  air 
bearing  to  support  the  weapons  pallet  and  two  longitudinal  beams  along  the 
edge  of  the  rearming  station  to  guide  and  restrain  the  pallet  as  it  is  moved 
from  the  make-up  area  to  the  elevator. 
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